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Tue cancer problem looms large in any 
consideration of the public health aspects 
of old age. The problem merits emphasis 
at present, because, on the one hand, can- 
cer is a disease predominantly (though 
not exclusively) of old age, and on the 
other, the proportion of old people within 
the total population is increasing an- 
nually and progressively. 

It is hardly necessary to point out at 
the beginning of this discussion that 
there are wide gaps in our knowledge of 
cancer; that fundamental causes of 
malignant growths are unknown or at 
least imperfectly understood; and that 
hence, a consideration of such a topic 
as the relationship between cancer and 
old age must take into account these gaps 
and deficiencies in our knowledge. 

On the other hand, there is a substan- 
tial body of factual data which has been 
developed in relatively recent years 
(coming from such diverse fields as biol- 
ogy, biochemistry, biophysics, epidemiol- 
ogy and clinical medicine) from which 
there is emerging a general philosophy 
of cancer even though certain fundamen- 
tal details of the picture remain, as yet, 
obscure. 

Perhaps one of the most significant 
single components of the modern philoso- 
phy of cancer is the concept of the mul- 
tiple character of the disease. 

For many years cancer research was 
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concerned largely and quite appropri- 
ately with such expressions of the dis- 
ease as were found to be commonly 
associated with cancer of all anatomical 
sites. During the latter part of the nine- 
teenth century, for example, cancer 
research was devoted almost exclusively 
to detailed study of the morphology of 
tumors, classification of cancer into sepa- 
rate histologic varieties, and the descrip- 
tion of features generally applicable to 
all of its clinical and histologic forms. 
This contributed to the establishment of 
certain ‘‘criteria’’ of malignancy such 
as capacity for unrestrained growth, in- 
vasiveness and metastasis. 

In the tumor research of more recent 
years, emphasis has shifted to more 
specific considerations of etiology. With 
the extension of knowledge thus acquired 
and with increasing consideration of the 
disease from the point of view of its 
broader—more especially its mass— 
manifestations, cancer is becoming dif- 
ferentiated into increasing numbers of 
separate entities. Thus present students 
of the problem have come to regard the 
diversity with which this large group 
of conditions we speak of as cancer ex- 
presses itself as being equally as striking 
and significant as the few characteristics 
generally regarded as common to it. 

Even in these common characteristics, 
eancer of different anatomical sites and 
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994 
histologic types shows striking varia- 
Various cancers or malignant 
remarkable differences in 


tions. 
tumors show 


their functional capacities, their invasive 
qualities, the rapidity with which they 


grow, spread, and metastasize and their 
vulnerability to such physical agents as 
x-rays and radium. Considered from 
the point of view of its epidemiology, of 
various extraneous and environmental 
factors contributing to its etiology, of its 
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ing the survey. For purposes of x 
ing the age distribution of patients 
data which have been analyzed f 
the communities except New 0); 
Philadelphia, Birmingham and Pp, 
are available. These data cover th, 
ords of a total of 38,544 persons 
relate to malignant tumors of 
histologic type and anatomical site 
two accompanying tables are in 
for purposes of brief summary 


TABLE 1 


THE AGE DISTRIBUTION OF PERSONS wI 
(ALL FORMS) REPORTED FROM SELEC 
MUNITIES IN THE UNITED STATES 


geographical, racial, sex and age distri- 
bution, cancer presents a picture, not of 
a single entity, but of a group of more 
or less related conditions, the number of 
which is scarcely limited except by the 
number of organs and tissues which it 
attacks. 

Thus, for a more thorough understand- 182 
ing of the relationship between a02 


Cases of cancer 
Age of persons 
Number 


cancer : 2 R92 
: 3016 


and old age, it will be necessary ulti- is 7704 
50—5s 9935 


mately to consider each anatomical site 60. 9651 
of cancer separately, especially as re- ph gt 5474 
gards its age distribution and also the 


factors contributing to its Total 


variety of 
etiology. 
For an insight into the age distribu- 
tion of cancer, excellent data are now 
available, some of the most extensive of 
which are in the records collected during 
recent years by the U. S. Public Health 
Service as a part of the general program 
of investigations of the National Cancer 
Institute. During the past two years 
surveys of cancer incidence have been 
made by the Public Health Service, cov- 
ering the adjacent counties and cities of 
Philadelphia, Pittsburgh, Detroit, Chi- 
“ago, Atlanta, Birmingham, New Or- 
leans, Dallas, Fort Worth, Denver, and 
the San Francisco Bay region. In these 
surveys records have been obtained 
which show the age, sex, color, residence 
and primary site of disease of all cancer 
patients who came under the observation 
of the reporting physicians, clinies and 
hospitals within the communities, during 
the one-year period immediately preced- 


Table 1 shows the age distributior 
the thirty-eight and one-half thous 
persons reported as having malig 
tumor and including persons of b 
sexes and all races. It will be not: 
that almost exactly half of the total p: 
sons fall within the age group 5(- 
years. A fifth of the patients are in t 
group 40-49 years, and an almost equ 
number at ages over 70. It is of sor 
special interest to note that one out 
ten of these patients is under 40 yea 
of age. The data in this table mere! 
confirm the results of repeated obser 
tions elsewhere, namely, that the bulk 
vancer is found in late adult life and o 
age. 

However, it should be emphasized t! 

1 As evidence of the cooperative spirit of t 
medical groups in these communities, it sl 
be noted here that all of the clinics and | 
tals, and more than 95 per cent. of the pr 
ing physicians made returns in these surveys 
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these data show only the over-all picture 
of cancer and do not portray the differ- 
ences which actually exist as between the 
two sexes, different races and different 
While a 


more detailed consideration of the sub- 


anatomical sites of the disease. 


‘eet would necessarily take all of these 


factors into account, it is believed that 
for present purposes the data in Table 2 
will suffice. This table shows the distri- 
bution in broad age-groups of persons 
with cancer of certain selected anatomi- 
eal sites. The the 


table shows the number of persons with 


second column of 


cancer of the various sites merely to indi- 
cate the statistical reliability of the per- 
centage figures. The data refer to the 
principal (but by no means all) sites of 


eancer. The sites, as listed, are arranged 


in the order of their relative frequency 
in persons under 30 years of age. Ex- 
cept for skin, lip and rectum, the order 
of arrangement in the column ‘‘ Under 
30”’ is almost the reciprocal of that in 
the column ‘‘70 and over.”’ 


TABLE 2 


THE AGE DISTRIBUTION OF PERSONS WITH CANCER 
OF CERTAIN ANATOMICAL SITES 


Cases of cancer of selected sites 
Primary site 


Percentage in persons at ages 
of cancer 


Total 


numbertnder 30—- 50- 70and 


30 - over Total 
594 26.9 2 37 6.0 
5818 2.7 : 

5101 2. y 9. 27.3 
1364 4 5 100.0 
2107 . 100.0 
939 7 < 7. 100.0 


100.0 
100.0 
100.0 


5980 6 
471 1.2 

3014 0.8 19.2 

1265 0.6 17.8 ‘ 
1432 0.2 3.4 50.1 


36.6 


21.9 


100.0 
100.0 
100.0 
100.0 
100.0 


Stomach 
Bladder 
Prostate 


As compared with cancer of all sites, 
malignant tumors of the bone and the 
uterus show an excessive prevalence in 
relatively young persons; cancer of the 
lip, rectum, lung, larynx and female 
breast tends to be concentrated in the 
third to sixth decades; cancer of the 


9Q5 


stomach, bladder and prostate occur with 
much greater frequency after the fifth 
decade (showing very high frequencies 
at ages 70 and over): and cancer of the 
skin is somewhat more evenly distributed 
throughout the life-span (ranking third 
in relative frequency at ages under 30, 
and second at ages 70 and over 

From the data presented above, it is 
clear that cancer is a disease predomi- 
nantly of late adult life, but by no means 
exclusively so. Thus one may postulate 
a correspondingly predominant, but by 
no means exclusive, role for the aging 
processes of the tissues of the host as a 
contributing factor in the genesis of 
cancer. 

Most students of the disease view the 
etiology of cancer as coming within two 
more or less broad categories: (1) Ex- 
and 


most of which are endowed with proper- 


traneous environmental factors, 
ties for producing chronic 
and (2) 
host. 
Extraneous the 
development of the disease are believed 
to be variously combined for practically 
all malignant tumors. 
tions of these factors are already known 
to be quite distinctive for various can- 
The examples of distinct 
etiologic agents are found in ocecupa- 


irritation ; 
factors inherent in the human 


factors surrounding 


Certain combina- 


cers. best 
tional cancer such as skin cancer in oil 
and paraffin workers, skin 
sailors and farmers who have undergone 


cancer of 


many years of excessive exposure to sun- 
light, x-ray eancer, cancer of the blad- 
der in persons engaged in the handling 
of anilin dyes, scrotal cancer in chimney- 
sweeps, and cancer of the lung in cigar- 
makers, weavers, and those employed in 
certain mine operations. 

Other examples of commonly associ- 
ated extraneous factors 
genesis are to be found in the lip cancer 
of pipe smokers, the Kangri and betel- 
nut cancers of certain 


with cancer 


India, 
cancer of the tongue in persons with 


tribes in 
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irregular jagged teeth, skin cancer super- 
imposed upon the sites of ulcers, burns, 
chronic sinusitis and with Paget’s dis- 
ease of the nipple. Certain cancers, par- 
ticularly of the bone and testicle, appear 
frequently to have a traumatic origin. 

In connection with the above, it may 
be pertinent to mention the extraordi- 
nary fact of the extreme rarity of cancer 
of the penis among persons circumcised 
during infancy, in contrast to its relative 
frequency among the uncircumcised. 
Of special interest is the observation that 
the disease is almost never encountered 
among Jews who are circumcised during 
infancy, but is relatively common among 
Mohammedans, for example, among 
whom circumcision is almost universal, 
but at a later age, usually around 
puberty. This phenomé@non conceivably 
might be explained on a basis of a racial 
immunity in the Jew, but such an ex- 
planation would require the postulate of 
a specific organ immunity in view of the 
frequency with which cancer of all other 
organs and tissues is found in the Jew. 

In the light of existing knowledge, no 
concept of cancer genesis is reasonable 
which does not postulate some etiological 
significance to factors inherent in the 
human host. Certain malignant tumors 
may be ascribed reasonably to processes 
of chronic irritation acting upon normal 
cells. On the other hand, it is difficult 
to reconcile the peculiarities of develop- 
ment of many cancers with any point of 
view which does not assume the existence 
of local tissue predisposition ; and there 
are still other tumors in which a consti- 
tutional predisposition toward their de- 
velopment appears to be of real signifi- 
cance. 

The importance of these factors of 
host susceptibility and tissue predisposi- 
tion is extremely difficult to measure. 
Such factors are too subtle and present 
methods of observation too crude to 
bring them into focus and permit a 


quantitative assessment. Some of ¢) 
suggested through clinical observa: 
tend to be confirmed in the experi: 
laboratory ; others are merely suge 
and confirmation must await fy 
studies in clinical, epidemiologica 
experimental fields. 

Examples of predisposing factors 
found in the assumption of ¢a) 
genesis from isolated embryonal! 
groups, from the persistence of 
which normally regresses after e1 
onal life, from developmental defects 
organs and tissues, from conditions 
imbalance of endocrine gland act 
especially as related to sex horn 
from conditions associated with ove: 
trition, from conditions regarded 
hereditary or congenital, and fina 
from factors inherently associated 
race, sex and age. 

Just as it has been impossible to ¢ 
relative values to the importance of 1 
**seed and the soil’’ in human tuber 
losis, so is it difficult to assess the relat 
significance of extraneous and “‘endo- 
genous’’ factors in human cancer. This 
is especially so when the ‘‘aging process’’ 
is included as one of the “‘ 
factors for appraisal. 

Most evidence at hand, especially that 
arising out of clinical experience, empha- 
sizes the long interval between exposure 
to extraneous factors and onset 
malignant tumor. This evidence is par- 
ticularly notable in cases of occupational 
cancer where exposure to occupational 
hazard antedates by many years the 
onset of the disease. It is not unusua 
for example, to find cancer of the bladder 
developing among dye workers more than 
a decade after such persons have discon 
tinued their employment. If the im 
munity of the Jew to cancer of the penis 
may be ascribed to circumcision during 
infancy, and the fact accepted that cir- 
ecumcision at puberty affords no such 
protection for the Mohammedan, the 


endogenous”’ 
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inference may be justified that whatever 
the cancer-exciting factor may be (as 
related to the absence of circumcision), 
it requires a long period of latency to 
express itself in clinical disease. 

The necessity for taking into account 
this long interval of ‘‘incubation period’’ 
adds materially to the complexities of 
eancer research. For a better under- 
standing of the peculiarities in the age 
distribution of cancer it will be neces- 
sary ultimately to resolve many ques- 
tions, the answers to which are unknown 
at present: For example, is old-age can- 
cer merely a function of long time action 
required by the exciting etiologic agent, 
or are there factors associated with the 
aging process itself which alter the tis- 
sues of the host so as to make them in- 
creasingly susceptible to malignant 
changes with advancing age? If the 


phenomenon is essentially a function of 
the aging process, how can one distin- 
guish between physiological and chrono- 


logical age? 


What are the physiologic 
characteristics of aging? And finally 
how can they be modified? An effort to 
resolve such fundamental questions as 
these is a challenge to modern cancer 
research. 

We need to know more about the fun- 
damental principles underlying growth 
itself; studies must be encouraged in 
clinieal and epidemiological fields in an 
effort to define more specifically and 
measure more accurately the variety of 
extraneous factors contributing to the 
etiology of cancer. More information 
on the aging process itself should con- 
tribute in a remarkable way to a better 
understanding of the cancer problem. 

Although much remains to be learned 
about the basic causes of cancer, and 
hence interpretations of such causes, in 
the light of existing gaps in knowledge, 
necessarily are, to a certain extent, 
speculative, the public health implica- 
tions of the cancer problem in an aging 
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population are none the less real or sig- 
nificant. 

Most students of population, assuming 
a ‘‘conservative’’ 
and reasonable mortality and fertility 
rates, estimate that the population of the 
United States will have reached a peak 
(somewhere near 160,000,000) 
the next 40-50 years. They are agreed 
also that a change in the age distribution 
is a fundamental feature of these popu- 
lation trends. It that 40 
years hence there will be approximately 
an equal number of persons (two mil- 
lion) at each year of age from birth to 
60 years. Although there will be a 
smaller number of persons at later ages, 
these will form a much larger proportion 
of the total than at present. According 
to these estimates, 15 per cent. of the 
population in 1980 will be over 65 years 
of age as contrasted with a little more 
than 6 per cent. at present and only 4 per 
cent in 1900. 

Thus there can be no serious question 
as to the significance of the future cancer 
load in the United States when it is 
realized that during the next 30—40 years 
the population of the country 55 years 
of age and over, who now contribute an- 
nually 5 deaths from cancer out of every 
1000 living, or among whom 12 out of 
every 100 deaths from all causes are due 
to cancer, will have reached approxi- 
mately 40 million. 

On the basis of numbers alone, the 
potentialities of the cancer problem are 
enormous. However, any well consid- 
ered plan for meeting the problem in the 
future must take into account the fact 
that an aging of the population not only 
increases the number of the aged, but 
also impinges in a variety of ways upon 
the economic, social and cultural pat- 
terns of the country. The urbanization 
of the population may well contribute 
factors both favorable and unfavorable 
to the cancer situation—unfavorable by 


immigration policy 


during 


is estimated 
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reason of environmental hazards con- 
tributing to cancer genesis—favorable by 
virtue of increased opportunities for the 
provision of facilities for clinical cancer 
service and research: The rapid tempo 
of social changes may likewise influence 
the problem through the accompanying 
complexities of living and artificiality of 
foods : The regional distribution of popu- 
lation density, the geographical distribu- 
tion of industrial employment and tech- 
nological progress in industry and 
agriculture may all be worthy of consid- 
eration in view of the known geography 
of cancer and the industrial origin of 
many of its forms. Finally, since the 
control of cancer depends largely upon 
facilities for diagnosis and treatment, 
the problem can not be divorced from 
broader considerations of general medi- 
cal service and the way in which these 
considerations will find expression in a 
national health policy. 


Public Health, like all other x 
of public service, is profound 
cerned with the social and ,; 


changes incident to the aging and 
of the population. This concer 
expressed most effectively by 

Health through an attempt to stu 


anticipate these changes, and 
basis of experience and knowled 
acquired, direet its own efforts 
mony with them and in whateve1 
possible exert its influence towar 
ing them in a constructive way 
As regards cancer, oby ously tl 
challenge is to extend our front 
knowledge of the causes of the 
and of methods for its control - 
ond requirement, which is eq 
challenging, calls for the applicat 
such knowledge in the most effect 
and through facilities, procedures 
methods of organization in harmo) 


the spirit of constructive public se: 
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It would be impossible for any one to discuss 
in a fair and intelligent manner the great ques 
tion of the origin of species, in anything less 
than a bulky volume. The merest mention is, 
therefore, all we can give to it at the present 
time. Although the appearance of Darwin’s 
book on the ‘‘Origin of Species’’ communicated 
a distinct shock to the prevalent creeds, both 
religious and scientific, the hypothesis which it 
suggests, though now for the first time distinctly 
formularized, was by no means new; as it enters 
largely into the less clearly stated development 
theories of Oken, Lamarck, De Maillet, and the 
author of the ‘‘ Vestiges of Creation.’’ There 
was this difference, however, that in the develop 
mental theories of the older writers the element 
of evolution had a place; the process of develop 
ment had its mainspring in an inherent growth, 
or tendency, such as produces the evolution of 
the successive parts in plant-life, while, ac 
cording to Darwin, the beautiful symmetry and 
adaptation which we see in nature is simply the 
form assumed by plastic matter in the mould of 
external circumstances. 

Although this Darwinian hypothesis is looked 
upon by many as striking at the root of all vital 
faith, and is the béte noire of all those who de- 
plore and condemn the materialistic tendency 
of modern science, still the purity of life of the 
author of the ‘‘Origin of Species,’’ his enthusi- 


astic devotion to the study of truth, t 

and acumen which have marked his 1 
the candor and caution with which his 
tions have been made, all combine to 1 
obloquy and scorn with which they | 
received in many quarters peculiarly ur 
in bad taste. It should also be said 
Darwin that his views on the origin of 
are not inconsistent with his own accept 
the doctrine of Revelation; and that 
our best men of science look upon his th« 
not incompatible with the religious fait! 
is the guide of their lives, and their | 
the future. To these men it seems pres 
that any mere man should restrict the D 
His manner of vitalizing and beautify 
earth. To them it is a proof of highe 
and greater power in the Creator that H« 


endow the vital principle with such potenc) 


pervaded by it, all the economy of nat 
both the animal and vegetable worlds, 
be so nicely self-adjusting that, like a 
machine from the hands of a master m 


requires no constant tinkering to preser\ 


constancy and regularity of its movements 


From an address by J. 8. Newberry 
1892), delivered as retiring president 
American Association for the Advancer 
Science at its annual meeting in B 
Vermont, in August, 1867. 
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GLACIAL GEOLOGY 


By Dr. LEWIS G. WESTGATE 


PROFESSOR OF GEOLOGY EMI 


Karty EXPLANATIONS OF THE DriIrt 


WIDE-SPREAD North 
America and Europe lie the direct de- 


ice-sheets, the 


over northern 


nosits of continental 
b ulder-clay or till; and along with these 
the gravels and sands left by the waters 
which everywhere accompanied the melt- 
ng of the ice. There was no correct un- 
lerstanding of this called 
“drift,’’ until after Agassiz’s work, or 
about 1840. In the absence of such an 
inderstanding, how did the early geolo- 
gists explain the drift? They could not 
fail to notice it, especially the erratics, 
immense blocks often far from their 
original ledges and in positions hard to 


material, 


account for. 

To understand the difficulty of 
situation it 1s necessary to have certain 
facts in mind. We are living to-day in 


the closing stages of a glacial period. To 


the 


be sure, the great ice-sheets of northern 
America and Europe are gone. But gla- 
ciers still occur in the mountains, even 
under the equator. The snow line gets 
lower and lower toward the poles, until 
we find valley glaciers entering the sea 
in Chili and southern Alaska. An ice- 
cap some 700,000 square miles in area 
covers Greenland, and the Antarctic ice- 
cap is estimated to have an area of over 
9,000,000 square miles. Daly estimates 
the ratio of present ice to that of the 
maximum of the last or Wisconsin ice- 
sheet as one to three. Clearly we are 
not yet ‘‘out from under.’’ Nor can 
anyone foretell the future. It would 
not be geologically unprecedented if the 
ice-sheet were to return, and, moving 
south from Canada to something like its 
former limit, wipe out all human con- 


n the 
eastern United States 
We 


riod, geologically speaking. Thr 


struction 


are living in a 


earth’s past, glacier 


most of the 
non-existent and mild climates extend 
well toward the poles. Suppose man hae 
made his appearnce a bit | 
actually did, not during tl 
the ice period but after 
the climate was again mil 
ciers had disappeared, 

| ? 


mountains and the polar 
would have had before him all the 
of the 


surfaces, 


former glaciation, the glaciated 


boulder clays, erratics, mo 

the 

work would be n 

effects 
He would 

loss for an explanation of them 

» explanation 


raines, ete., but agencies he would 
find at 


such 


where produce 


ing neither winds, rivers 


nor waves. be at a complet 


In the absence of ar ytr 
of the drift, what explanations 


were of 


fered? There were numerous guesses, 


but the ones most widely 
either some catastrophe or 


lopted were 
‘onvulsion of 
nature, usually the Noachian deluge, or, 
more conservatively, floating ic 
Consider first the hyp« 
was ith its 


ithesis of catas 


trophe. Geology infaney 
The ordinary geological agencies, espe 
cially stream erosion and deposition, had 
not been studied in detail, and there was 
little appreciation of the large results of 
slow processes working through long pe 
riods of time. Indeed there was no gen 
eral belief that 
long; lack of knowledge, plus the 


erally accepted Genesis account of the 


the earth’s history was 


gen 


earth’s origin, made it natural to assume 
that its history was short. At the same 
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time, even a slight acquaintance with the 
disturbed rocks of the earth’s crust 
showed that stupendous changes had 
taken place. The combination of these 
two views meant catastrophism, the be- 
lief that geological history was a series 
of convulsions. 

As an example of catastrophic expla- 
nation we may quote Saussure’s Expla- 
nation of the Origin of Rolled Pebbles 
(and *“When the 
waters of the ocean in which our moun- 
formed still covered 
violent earthquake sud- 


erraties?) (1787 


were these 


mountains, a 


tains 


denly opened great cavities that had pre- 


viously been empty. The waters rushed 
toward the abysses with extreme vio- 
lence, proportionate to the elevation that 
they then had, cutting deep valleys and 
sweeping along immense quantities of 
earth, sand and fragments of all sorts of 
rock. This semi-liquid heap, pushed by 
the weight of the waters, piled up to the 
heights where we still see many of these 
scattered fragments. Then the waters, 
continuing to flow with a rapidity which 
diminished gradually in proportion to 
the diminution of their elevation, swept 
away the highest parts, little by little. 
They purged the valleys of this heap of 
mud and débris, leaving behind only 
the heavier masses and those whose posi- 
tion or more solid state protected them 
from this action.’’ For unchecked spec- 
ulation this would be hard to beat, but it 
should be remembered that Saussure 
has large and solid contributions to geol- 
ogy to his credit. 

There was one available catastrophe 
right at hand in the Biblical deluge, 
generally accepted as fact by both lay- 
man and scientist, when ‘‘all the foun- 
tains of the great deep were broken up, 
and the windows of heaven were opened 

and all the high mountains that 
were under the whole heaven were cov- 
ered.’’ Given this situation, anything 
might happen and it was easy to explain 
the drift. Silliman (1821) admitted 
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that the drift was ‘‘very inadequ 
accounted for by existing theori: 5? 
wrote (1824), ‘*‘No one will obj t 
propriety of ascribing very man} 
ably most of our alluvial featy 
that catastrophe—the deluge of N 
He himself suggested 
erns in the bowels of the eart! 
collectively, or even singly, mig 
contain more than all our oceans 
If these cavities communicate 
manner with the oceans, and are 
they exist at all, they probabl; 
filled with water, agents very com) 
to expel the water of these cavit 
thus to deluge, at any time, the dry 
are at hand.’’ Pages of similar 
often by men of high scientific sta 
could be quoted; it would only wit: 
to the control of tradition, and 
extremes to which even able me 
go, in order to explain the inexp! 
It is not easy to say ‘‘I do not know.’ 
A saner explanation of the dri 
that it was brought to its present 
tion by floating ice at a time when 
sections of northern Europe and A: 
were beneath the sea. This theory 
pealed to existing agencies, for both 
bergs and shore ice were known to tr 
port rock debris, and could be che 
Lyell’s first edition of the ‘‘Prin 
of Geology’’ was published in 183: 
in it he seems to look the drift stead 
in the face and pass by—a not une 
mon way of meeting difficulties. lh 
first edition of the ‘‘Elements of G 
ogy’’ (1838), published when <Agass 
was beginning his studies, Lyell does 1 
distinguish, among surface deposits, | 
tween residual soils, glacial till, 
waterlaid sands and gravels. He 
consider glaciated surfaces, and es] 
cially the erraties, and appeals to floating 
ice at a time when the sea stood at 
higher level with reference to the la 
**Teebergs then, detached from gla 
together with coast ice, may conve) 
hundreds of miles pebbles, bould 


*“enorm 


) 
a 
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sand and mud, and let these fall wher- 
ever they may chance to melt, on sub- 
marine hills and valleys. These, when 
the land emerges from the deep, may 
constitute some of the far-transported 
alluvium which has been ascribed to 
diluvial agency.’’ To this explanation 
of the lowland drift Lyell clung for 


several decades. 
Ir—THEN, OR Fauutty METHOD 


How was scientific method applied to 
these early theories? So far as concerns 
the catastrophe and deluge explanations, 
it just was not applied. The iceberg 
theory, however, is serious science, and 
it will pay to study its treatment. 

Science advances by the solution of 

problems. The proposed solution of any 
problem we call an hypothesis. The 
thing to do with an hypothesis is not to 
accept it as true, but to test it in order 
to verify or invalidate it. Jf the hy- 
pothesis is true, then certain things fol- 
low. Verification of an hypothesis con- 
sists first in the skilful development of its 
implications, and then in the often long 
and hard work of checking such impli- 
eations. The hypothesis may flash on the 
mind which is prepared, from no one 
knows where. The verification may take 
months or years. 
The problem we are considering is the 
origin of the drift, of which the erratics 
are the most conspicuous feature. Ly- 
ell’s hypothesis was that the drift was 
brought to its present position by float- 
ing ice. This necessitated extensive land 
submergence. What were some of the 
implications of the hypothesis, and how 
should the geologist have gone about 
testing it? If the hypothesis were cor- 
rect, there should be independent evi- 
dence of land submergence, as suggested 
under the following points: 

(1) The nature of the drift. If the 
drift was laid down in marine waters it 
should be stratified and contain marine 
fossils. Students were thrown off here, 
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because there is almost ev eryw here strati- 
fied material drift. 
not only over its surface, but throughout 

gravels due to the 
Hence it 


was easy to believe that the whole mass 


associated with the 
its mass,—sands and 
melting waters of the glacier 
had one origin and was waterlaid. In 
the absence of any competing theory of 
direct ice deposition, and so of any at 
tempt to develop deductively criteria of 
deposits of differing origin, fine unstrati- 
fied clays, often many feet thick, witl 
scattered boulders of all sizes and practi 
cally without fossils, were unthinkingl) 
accepted as waterlaid. 

(2) The amount of submergence re- 
quired is important. It must 
at least as deep as the height of the high- 
trom 


have been 


distinguished 
drift and 
ings above the present sea-level, which is 
This should have 


est continental 
mountain glacier 


(as 
rock Scor- 
several thousand feet. 
put a severe strain on the hypothesis. 
(3) The limits of the drift should by 
hypothesis have been the limits of the 
water bodies in which the drift 
dropped by floating ice, and should be 
marked by the characteristic features of 
wave action, by cliffs, beaches, ete. No 


was 


inference was made, and no such 


been sought it 


such 
evidence sought; had it 
would not have been found, 
not exist. There are, indeed, shore fea- 
tures which mark lower land-levels and 
the borders of temporary lakes, but they 
are within the area of the drift and not 
about its border; they do not reach 


for it does 


heights above sea-level at all comparable 


and they 
than 


with those of the higher drift, 
rest on the drift and later 
rather than contemporary with it. 

(4) A further might 
suggested itself: Are the scorings on the 
bedrock of the kind drifting ice would 
make? It would be hard to explain the 
parallel flutings of the typical glaciated 
surface as due to the accidental ground- 
ing of floating ice. 

Such are some of the implications of 


are 


question have 
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the iceberg hy pothesis which might have 
suggested themselves under a somewhat 
application of the scientific 
method. The evident conclusion would 
have been that the drift was not brought 
by floating ice. That would have left the 
geologists of the time without any valid 


rigorous 


explanation of the phenomenon. 


AGASSIZ, FATHER OF GLACIAL GEOLOGY 


It was Louis Agassiz, Swiss biologist, 
who one hundred years ago started gla- 
cial geology on its career when he used 
the summer vacation of 1836 to go with 
his friend Charpentier into the upper 
Char- 
vastly 
down-valley the 
Agassiz went a sceptic 
Together the 


former courses of 


Rhone valley to study its glaciers. 
believed in a former 
extension of 


pentier 
greater 
Alpine glaciers. 
but returned a 
two men tracked the 
the glaciers by the polished and grooved 
surfaces of the bedrock and by the de- 
bris, down the mountain valleys and out 
across the broad valley of northern 
Switzerland to the slopes of the Jura. 
Though Agassiz continued field work 
through successive summers until the eve 
of his migrating to America in 1846, the 
whole matter of the former greater 
Alpine glaciation was worked out in that 
first summer; and in the fall of 1837 
Agassiz outlined the whole subject in 


convert. 


masterly fashion in his presidential ad- 


dress before the Helvetic Society of 
Natural History. The work of the later 
seasons dealt largely with the physics of 
the glacier, which does not concern us 
here. 

It was one thing to demonstrate the 
former greater extension of the present 
glaciers of the Alps; it was quite some- 
show the former existence 
of glaciers in a country where there are 
none to-day. In 1840 Agassiz visited En- 
gland, and, with Buckland as his guide, 
found in the Highlands of Seotland, in 
the Lake District of northern England 
and in Wales, glaciated surfaces and 


thing else to 
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glacial moraines similar to thos, 
which he had become well acqua 
the Alps. In November of that 
presented his evidence before 
logical Society of London. 
Agassiz’s two volumes on 

‘“Btudes sur les Glaciers’’ and ‘‘S 
Glaciare,’’ were published in 184 
1846. In America, after 1846, his 
ical work claimed almost all his ti 
he never lost interest in his ela 
He noted evidences of forn 
ation in New England and Ne 


ogy. 


and he occasionally spent some 
the field, as in Maine in 1864. In 
Brazil, he thought, mistakenly, tl 
had found evidence of ice action: ; 
1871, only two years before his cd 
his voyage in the Hassler to South A 
ica, he met his old friends the e 
along the Straits of Magellan and 
southern coast of Chile. 

How come it that Agassiz, Swiss b 
gist, is known as the ‘‘father of 
This double-barrelled q 
tion, why a Swiss? why Agassiz? req 


i 


ceology’’? 


a double answer. 
Why a Swiss? 
sciences in 
geographically 
vary greatly from place to place, 
in structure and in surface express 
and the phenomena of geology hav: 
studied where they are found. It was 
accident that stratigraphic geology 


Geology differs 
that 
determined. RK 


most its investigat 


are 


its rise in central England under W 


liam Smith; and with Cuvier and B 
nart in the Paris basin, where gently 
clined beds shingle out on the surfac 
such wise that the order of vertical s 
cession is easily seen. The great c 
butions to pre-Cambrian geology w 
made by the geologists of Canada, 
northern United States and Scandina\ 
working in the great Canadian and $ 
dinavian pre-Cambrian Gla 
geology has inevitably had its beginni 


areas. 


in a region of existing glaciers, the Al; 


There are, of course, glaciers in ot! 
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narts of the world; in Alaska, Chile, 
India, Greenland, Antarctica ; but in 1836 
these regions were practically unknown, 
far removed from any center of scientific 
tivity. 
i accessible. If 


The Alps were near at hand 
there 
father of glacial geology, the odds were 


a 


was to be a 


favor of some scientist living 


heavily in 
ear their borders; he might have been 
Austrian, French or Swiss. <Ac- 
tually he was a Swiss. 


German, 


was 
Sup- 


Why Agassiz, the zoologist? It 
partly chance, but more the man. 
nose he had taken that vacation at the 

ore? Apart from chance, it was largely 
Agassiz’s personality. Agassiz was not 
the first to appreciate the evidence of 
The German 
Kuhn had seen it as early as 1787. So had 
Venetz in 1821, Bernhardi in 1832, and 
Charpentier had the whole matter cor- 
rectly in 1834. 
tier who introduced Agassiz to the glacier. 


former greater glaciation. 


Indeed, it was Charpen- 


But put a man of boundless physical and 
mental energy on a problem, and no one 
‘an tell how far he will go. Agassiz was 
twenty-nine, in the full strength of early 
manhood, when he began his glacial stud- 
ies, a fiend for work. ‘‘The day ought 
to have thirty-six working hours,’’ he 
complained. He full-time 
zoological and paleontological work and 
printing the illustrations of his works, 
when he took on this additional glacier 
problem. He was an ardent pedestrain, 
and in the Alps ‘‘delighted in feats of 
walking and climbing.’’ His wide-rang- 
ing philosophical views of nature at once 


was doing 


connected his field studies with extensive 
recent changes in life and in continental 
development. Add to this energy and 
enthusiasm the fact that throughout life 
Agassiz was a man of great personal 
charm and an eloquent speaker, and it is 
easy to see how, without consciously in- 
tending it, he stole the whole show. It 
was not that he appropriated or dis- 
paraged the work of his predecessors, for 
he did not. Rather, his energy, enthus- 


) 
slasm, and the arm and 


resentation swept the field 
I | 


AGASSIZ.’ 


Agassiz’s work on g! 
without admixture of 
structive to 
errors, To a 


concern minor 


and interpretation of fi 
ratic blocks ol the Jura 
a bed of 


rounded and heaped in su 


cobbles and px 
the largest are on the 

smallest, which grade to a fi 
occupying the base and rest 

on the polished surfaces’” doe 

like an adequate description of the drif 
Careful petrographic study of the drift 
had not 
takes, however, did not 


begun. Agassiz’s major mis 


arise from the 
direct interpretation of immediate field 
facts; they came from speculations going 
well 
from his own field work. In 


‘ 


beyond any legitimate inferences 
his earlier 
writings he assumed :* 

(1) Polar ice-caps in both hemispheres, 
the northern ice-cap extending south and 
covering Asiatic Russia and Europe to 
beyond the Mediterranean, and all of 
North America. 

(2) That at this time the Alps had not 
been elevated. 

(3) That with the 
Alps ‘‘this ice formation was raised like 
the other fragments broken 
from all the crevices during the upheaval 


elevation OT 
rocks : the 


fell on its surface and without being 
rounded moved down this great sheet of 
ice,”’ 

(4) ‘‘ As the ice melted, it formed great 
funnels in the places where it was thin- 
nest; valleys of erosion were cut in the 
bottom of crevasses in localities where no 
stream could exist without being encased 
in walls of ice.’’ 

1K. Mather and 8. L 
in Geology,’’ p. 232, 1939 

2 Ibid., p. 334. 


Mason, ‘‘Source Bo 
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To polar ice-caps Agassiz long adhered. 
He writes in 1866: ‘‘ Two vast caps of ice 
stretched from the northern pole south- 
ward, and from the southern pole north- 
ward, extending in each case far toward 
the equator.’”* Centering the ice-caps at 
the poles was a not unnatural mistake. 
In Europe the direction of the ice move- 
ment was in general to the south, north- 
ern Europe and America were unknown, 
and years of field work were necessary 
before it could be shown that the glaciers 
moved radially out from land centers— 
in Europe from Scandinavia, in Canada 
from Labrador and from the Great Plains 
west of Hudson Bay. His statement, of 
course, carries the southern limit of the 
ice-cap too far to the south. 

While the mistake just mentioned was 
due to speculation which ran ahead of 
any available field evidencce, items 2 and 
4, which are more poetry than science, 
rest back on a basically false scientific 
philosophy, uneritically assumed by one 
who was temperamentally inclined to 
wide-ranging theories. Darwin’s ‘‘Ori- 
was not to be written 
for nearly a generation. Lyell’s uni- 
formitarianism, the doctrine that the 
earth’s past history is to be explained 
by present agencies of change acting at 
essentially present rates, had little hold 
on scientific men. Genesis was still con- 
sidered in many quarters good science. 
If, according to Genesis, time was short, 
and, according to geology, great changes 
had been frequent, catastrophism was a 
necessary conclusion. Agassiz belonged 
to this school of thought. Writing as late 
as 1866 he held that ‘‘a sudden intense 
winter, that was to last for ages, fell upon 
our globe . . . and so suddenly did it come 
upon them (tropical animals), that they 
were embalmed beneath masses of snow 
and ice, without time even for the decay 
which follows death.’** In such fashion 
he accounts for the woolly mammoth 

3 **Geological Sketches,’’ p. 212. 

4 Ibid., p. 208. 


’? 


gin of Species 


mired in the soils of northern § 
This doctrine of catastrophe fo 
posed scientific warrant in the writ 
of Cuvier (1769-1832), who gave 
pression in his ‘‘Révolutions de 
face de la Globe’’ (1825). Cuy 
entific reputation gave his opinion 
matter a weight beyond any war 
by the facts; and Agassiz, who as ; 
had worked in Cuvier’s laborat 
was his life-long admirer, doubt 
influenced by the older man. Cert 
the statements, 2 to 4 above, ha 
reference to actuality. 

Let no comments on Agassiz’s 
diseredit his solid contributions 
ogy. He it was who started gla 
ogy on its course. He was a land 
from the beginning to the end 
eredit enough to be the father of 
geology. If the father made 
mistakes in bringing up his offspr 
what father does not? 


THE RECEPTION GIVEN THE GLA 
THEORY 


The glacial seed fell on soil | 
tile and stony. Edward Forbes 
Agassiz (1841) : 

You have made all geologists glacier-n 
and they are turning Great Britain into 
house. Darwin, who was both geo 
biologist, applied the new views to tl 
tion of field facts in North Wales. Ly: 
presented a paper ‘‘On the Geologica 
of the Former Existence of Glaciers ir 
shire.’’ 


> 


Others opposed, some, like von B 
violently. Humboldt wrote A 
‘Your ice frightens me.’’ Not 
urally, when it is remembered 
Agassiz’s views included not only 2 
Alpine giaciers and former glaciers 
regions not now glaciated, but im 
polar ice-caps covering much of th 
lands of Europe and America. Mu 
son (1842) wrote, 

Once grant to Agassiz that his deepest \ 


of Switzerland, such as the enormous 
Geneva, were formerly filled with snow a 
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no stopping place. From that hypothesis 
nay proceed to fill the Baltic and the north- 
4s, cover southern England and half of 
and Russia with similar sheets. 
ng as the greater number of the practical 
ecologists of Europe are opposed to the wide 
tension of a terrestrial glacial theory, there 
sn be little risk that such a doctrine should take 
deep a hold on the mind. The existence of 
slaciers in Scotland and England (I mean in the 
Al ine sense) is not, at all events, established to 
the satisfaction of what I believe to be by far 
greater number of British geologists. 
And later (1849) he wrote Agassiz, 


When are we to have a ‘‘stand-up fight’’ on 

erratics of the Alps? ...In a word I do not 
believe that great trunk glaciers ever filled the 

ys of the Rhone, ete. 

The successive editions of Lyell’s 
‘Principles of Geology’’ and ‘‘ Elements 
or Manual) of Geology’’ may be taken 
as giving the orthodox view of glacial 
Before Agassiz, it is the iceberg 
hypothesis. For two decades Lyell re- 
fused to accept the Jura erratics as ‘‘ part 
of the doings of Charpentier’s great 
glacier,’ preferring to explain them by 
submergence and floating ice. In 1857 
Lyell went to Switzerland, ‘‘being de- 
sirous to see the proof with my own 
He then wrote, ‘‘the entire ab- 
sence of marine remains in the 
ciated (rocks), the conformity of the dis- 
tribution of the travelled blocks here with 
the shape of so many valleys, and above 
all, the sight of the Alpine snows 
has made me incline strongly to embrace 
the theory of a terrestrial glacier’’ ;° and 
he did! For an explanation of general 
lowland glaciation, however, Lyell clung 
almost, if not quite, to the end (he died 
in 1875), to the iceberg hypothesis. 
There is an inconclusive reference to the 
“Greenland continental ice,’ but one 
looks in vain in the last editions of 
Lyell’s works for any clear recognition 
of land ice in the great glaciated areas 
of Europe or America. 

5 ‘*Life of Sir Charles Lyell,’’ Vol. II, p. 250, 
1881. 

6 **Students’ Elements of Geology’’ (Seventh 
ed.), p. 170, 1871. 


geology. 


vam, 99 
eves. 


asso- 


oOnr 
oUO 


It may help us to understand Lyell’s 
conservatism if we consider that he was 
forty when, in 1837, Agassiz first 


posed his land-ice theory, and 


pro- 
then recall 


a statement of Darwin’s concerning Lye! 


in his own ** Autobiography,’’ ‘‘ When I 


made any statement to Lyell) on 
geology, he never rested until he saw the 
... He woul 
all possible objections to my suggestion, 
and even after these were exhausted, 
would long remain dubious.’’ 
For some reason the Americans seem 


whole case clearly 1 advance 


to have been more open-minded. Dana’s 
**Manual”’ 
Lyell’s ‘‘Principles’’ and 
Dana writes, ‘‘In view of the whole sub- 
ject, it appears reasonable to consider 
that the glacier theory affords the best 
and fullest explanation of the phenomena 
the surface of the conti- 
and diffi- 

But icebergs have aided beyond 


contrasts favorably with 


‘Elements.’”’ 


over gveneral 
nents, 
culties. 
doubt in producing the results along the 


encounters the fewest 


borders of the continents, across ocean 
channels like the German Ocean and the 
Baltic, and possibly over great lakes like 
those of North America. Long Island is 
so narrow that a have 
stretched across it.”’ 
tion Dana sets forth the 
with reasons for and against, abandons 
the iceberg hypothesis completely and 
concludes, ‘‘It that the 
glacier theory is alone capable, as first 
shown by Agassiz, of explaining all the 
facts.’’® 

Still, some American geologists fought 
against the theory to the end. Sir Wil- 
liam Dawson, in his ‘‘ Acadian Geology”’ 
(edition of 1878), and later in 1893, 
argued against it. Among the reasons 
he gave were the following: 
(First ed.), p. 346, 


glacier may 


In his second edi- 


two theories, 


hence appears 


7 **Manual of Geology’’ 
1863. 

8 ** Manual of Geology’’ (Second ed.), p. 537, 
1874. 

®Summarized by G. P. Merrill, 
tions to the History of American Geology,’’ 
Rept. U. 8. National Museum for year ending 
June 30, 1894, pp. 521, 573, 1896. 


**Contribu 
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1) The temperate regions could not 
be covered with a permanent mantle of 
ice, under existing conditions of solar 
radiation. 

(2) It was physically impossible for 
a sheet of ice to move over an even sur- 
face and striate it in uniform direction 
over wide areas. 

(3) Glaciers could never have trans- 
ported the large boulders and left them 
in the positions where they are now 
found, for they are often at higher levels 
than the ledges from which they came, 
and anyhow, as no rock masses rose 
above the surface of the supposed gla- 
cier, there was no source from which 
they could have been gathered! 

One wonders at the method of ap- 
proach; this setting up a priori objec- 
tions against field facts, rationalistic 
argument in preference to holding close 
empirically to the fieldevidence. It 
raises an interesting question in logic; 
when reasoning shows that an event 
could not have taken place, and a reason- 
able interpretation of field evidence 
shows that it did, which is one to believe ? 
As late as 1893 Dawson was assuming 
former submergence of drift-covered 
areas, with currents sweeping down from 
the north, eroding valleys such as those 
of the Great Lakes, and carrying debris, 
including immense erratics, widely over 
North America. Newberry, commenting 
earlier on Dawson’s views, says, ‘‘The 
difficulties in the way of this theory are 
such, however, that I am sure Professor 
Dawson, clear-sighted and conscientious 
as he is, would abandon it if he could 
examine with his own eyes the surface 
geology of the Lake-basin and the Missis- 
sippi Valley.’’*° 

How are we to account for the long 
delay of many geologists, including some 
of high standing, in accepting the theory 
of continental ice-sheets? Various sug- 
gestions may be given; and it is probable 

10 ** Geological Survey of Ohio,’’ Geology, II: 
p. 27, 1874. 


that in individual cases more t! 
reason functioned. 

The true scientist is a natural s 
he doubts until he is compelled 
lieve. He would be untrue to his 
did he otherwise. Wherever his ; 
birthplace, he is ‘‘from Missou 
has to be shown. Darwin’s com 
Lyell, quoted earlier, is relevant 
Delay such as this is creditable 

In geology the facts are out 
field; one has to go out and find 
often in places not easy to get at 
opinions of the armchair geologists 
little weight in comparison with th: 
ings of the field geologist. 

Hypothesis, while based on facts 
runs ahead of fact. To verify th 
pothesis of continental glaciers i 
detail, long continued field study 
wide areas, largely unsettled, was n 
sary. Some delay was unavoidablk 
cause of lack of evidence. This was 
true, however, concerning the funda: 
tal question whether the drift was 
waterlaid. The evidence on that 
abundant and immediately at hand 

Personal bias of various sorts 
its part. Traditional belief and aut 
ity have a larger influence in s 
than is usually admitted. State: 


of supposed scientific fact are pass 


down from decade to decade, fro 
to text, until someone keener tha: 
rest shows their falsity. 

The scientific atmosphere of th: 
is an important, though usually a1 
conscious, influence. This was doubt 
the source of Agassiz’s catastrophis! 

Then there is pride of opinion. E 
a scientist may not want to admit 
error if he has been prominently « 
mitted to a view. Darwin writes of | 
self : 

I had also during many years foll 
golden rule, that whenever a published 
new observation or thought came acro 
which was opposed to my general results 
make a memorandum of it without fail and 
once; for I had found by experience that 
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s and thoughts were far more apt to escape 


the memory than favorable ones. Owing 
his habit, 


views, 


objections were raised 
nst my had not at 


ed and attempted to answer. 


very few 
which | least 

This is the scientific conscience at its 
best 

There is also plain human inertia that 
stands in the way of the mental readjust- 
ment required by new fact and new the- 
ory. One can not put new wine into old 
Views to which 
crown natural: new 
views, strange and often wrong. Indeed, 
Acassiz himself, in his own field of biol- 


Ww ne-skins. one has 


accustomed seem 


ogy, is an example of this unwillingness 


to accept new theories. Darwin’s ‘‘ Ori- 


gin of Species’’ was published in 1859. 
Agassiz, until his death in 1873, was an 
active opponent of evolution. If 
seeks an explanation, he enters on a 
study of personal bias and prejudice, due 
to the conflict of new views with other 
general and specific beliefs which had 


one 


long been erroneously held as true. 

We seem to have been giving the men 
of science pretty rough treatment? But 
this is only one side of the picture: the 
errors against which they must guard. 
On the other hand, no better delineation 
of the ideal scientist could be given than 
this, by Josiah Parsons Cooke, professor 
of chemistry for many years in Harvard 
College : 

The great pioneers of science have been men 
of ideals, but men whose vivid imaginations were 
regulated by education, and chastened by wis 
They have been men of courage and per 
who their 
through every discouragement. 
men of entire truthfulness, who have never hesi 
tated to submit their doctrines to the test of ex 
periments and to abide by the issue. They have 


lom. 


severance, followed out convictions 


They have been 


been men of the most scrupulous conscientious 
ness in attention to minute details, regarding 
themselves as responsible to the Giver of all 
truth for accuracy in every observation, and for 
exactness in every statement. Finally, they have 
been men of modesty and of reserve in judgment, 
realizing, as no other men ever have, how bound 
less is truth; how limited knowledge; how intri 
cate the problems of nature; how weak in com- 
parison the intellect of man. 


ONE OR More GLACcIAI 


highest 


A matter of the 
glacial geology is 


} 


one or more flacii 
Agassiz first showed tl 
extent of 


natural to speak of the 


glaciation, 


glacial period; no other 
warranted. Later, forest beds a 
were found buried within 
in Europe and America, 
upper and a lower till 

in Illinois in 1868, and soo 
Minnesota There 
sible interpretations of such 
The 
glaciers was common knowledg 
not the 
treated, and vegetation and even forests 
of the 


and 


Alpin 
Might 


] . 
nave re 


advances and retreats 


continental ice sheet 
have grown over the surfac aban 
doned drift, only to be overwhelmed and 
buried by the deposits of a readvance 
If so, the two drifts would represent two 
epochs of a single ice period, 

through 
out the whole time. On the other hand 
was it not possible that during the time 


glacier continuing in existence 


‘e cap dis 
There 
An ideal 


place for solving the problem is the up 


between the two deposits the i 
appeared from North America 
would then be two ice periods 


per Mississippi valley, where the ice ad 


vanced to varying distances and 
successive drifts can be 
The work of MeGee, Chamberlin, 
bury, Calvin, Leverett and many others 
has that the lower and outer 
drifts are more deeply 
the 


that where one overlies anot] er the sur 


easily 

Salis 
shown 
weathered and 
inner drifts 


stream-eroded than 


face of the lower is often deeply weat! 

ered, and that fossil remains in the inter 
vening beds indicate climates as warm 
as, or warmer than, that locality 
to-day. 
tervening period, the more probable the 


enjoys 
The longer and milder the in 
disappearance of the preceding ice sheet 
from the continent. So the theory at 
first 


was—two separate glacial periods. 
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But it did not stop with two; continued of such changes on our underst 
detailed studies are now believed to show of changes within the earth’s ec 
four glacial periods, separated by even working out in detail of the hist 
longer interglacial periods, the time the glacial period, possibly a n 
from the beginning of the first glaciation years in length, and the changes 
to the present time, which gives the that time in the land surface, 
length of Pleistocene or glacial time, and animal life and in man: the st 
being estimated at roughly a million the vastly older glacial periods 
years. Cambrian and Permian time; s 
Now this is of the greatest importance, tions on the cause of glacial peri 
geologically. For while to the geologist 
as to the Creator a thousand years are 
but as yesterday when it is past, and as No advance in science is more 
a watch in the night, a million years is_ tant than that in method, for 
nothing to be sniffed at; especially when is fundamental. Given right 
it is the last million, the one connecting knowledge comes as matter 
with our own time, and in which the fin- In the pre-scientific period of t! 
ishing touches were being put in the ject, before Agassiz, there were fi 
earth’s scenery and its life. Glaciers ing and wild guesses, often based | 
now cease to be merely an illustration of Genesis myth, impossible of verifi 
dynamical geology, of forces now at Agassiz furnished the key whic! 
work on the earth’s surface; they open the door to genuine scientific ad 
the way to a long and eventful chapter but for decades there was slow 
in the earth’s history. Great changes tanglement from error, old and 
have taken place in that time. Some _ Science exists in the minds of its \ 
geologists believe that the carving of the ers, who are human beings subject t 
Grand Canyon was done within that pe- common mental infirmities. We 
riod. And it was the period during’ seen what some of these influences \ 
which man was slowly climbing from which threw them off the track 
savagery to his present eminence in a were subject to the general intell: 
civilization characterized by wholesale and scientific atmosphere of their t 
murder. They were limited in their outlook b) 
; : : state of their own science at the ti! 
THe FLOWERING or GLACIAL GEOLOGY its scanty accumulation of fact ar 


REFINEMENT OF METHOD 


Glacial geology, like any growing sci- its faulty theory. They were subj 
ence, shows increases in content, variety, are all of us, to personal bias of \ 
complexity. The geological texts of to- kinds. They had an inadequate app 
day include many matters not dreamed ation of scientific method, especial 
of in the philosophy of Agassiz. To regards allowing for personal 
mention but a few, we have: The petrog- There was throughout the nineteent 
raphy of the drift; mountain summit century a steady growth in understa 
and mountain valley sculpture by the ing of the scientific method and an 
snow field and the valley glacier; the crease in the rigor with which it was 
long and involved history of the Great applied; that is, a steady growth i 
Lakes region during the retreat of the scientific conscience. Scientists beca! 
last ice sheet; the changes of land level; more critical of the work both of ot! 
the sinking under glacial loading when and of themselves. In the field of gla 
the glacier was present, and the rise geology, with the increase of wo! 
after its disappearance; and the bearing and the accumulation of field evidence: 
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GENETICS AND RANGE SHEEP IMPROVEM! 


By JULIUS E. NORDBY 


LABORATORY A ) Ss. SHE! EXPER 


GENETICS has been one of the active As the research workel 
fields of research with small animals for breeding became more and mo) 
a long time. It has been a very success- with his new field, there 
ful field for research, and, because of this rapid succession new frontiers 
success, it was only natural to extend the riers, new interphases. He 
experience with laboratory animals to came = analytical-minded It 
our farm animals. In the beginning of enough to explain, with some 
farm animal breeding studies, the search accuracy, why the daughter 
for information pertaining to the bio- medal cow isa star boarder; ) 
logical phenomena governing inheri- son of the two-minute trotter is 
tance was oriented around the discov- pointment, or why all the s 
eries of Mendel which activated unpree league baseball player ‘‘do not 
edented interest in research into the first base.’’ The requirements } 
principles of inheritance in both plants to explain these problems 
and animals. Indeed, animal breeding minor stopping-off places in a bi 
received such an impetus after the redis- unexplored biological vastness 
covery of Mendel’s laws that some were more complex barriers that 
thought was held that it might become, be explored. He knew that he « 
to a vers considerable degree, an inde- vo around nor over these barriers 
pendent science. answer to his questions He m 

Like so many new developments in _ trate them. 
science, animal breeding for a while did We find him, therefore, gradu: 
not seem to have any well-defined and turing off his own reservation 
specific interphases. Perhaps here was himself in the special fields of 
a new field which might become exclu- in mathematics, indeed, in bi 
sive and self-sufficient within its own philosophy. Upon these explorir 
horizon. Astronomy got under way as he made discoveries which he 
an independent development—star gaz- never have made had he not 
ing. It, however, quickly reached its into these fields. But, in his adve 
limit as an independent approach to a he acquired the wanderlust. H: 
complex problem. Mathematics was first again seeking still newer frontiers 
to come to its rescue. Later, chemistry In the fields of physiology and 
and physies in their refined develop- istry he encounters hormones, an « 
ments became very necessary interphases parade of new ones. Here, he also 
in astronomical science. In the various rumors of gene organizers and n 
biological sciences, specialized as they genetic substances that challen; 
seem to be within themselves, there is no’ spirit of adventure, to say not! 
end to the list of interphases. It appears the stimulating influence it has 
that in no special phase of the very gen- philosophic concept of the complex 
eral fields of biology, chemistry, physics, life itself. He knocks at the door « 


ete., can one hope to make much progress’ biochemist. He is thrilled with 


without reference to a vast array of searches in endocrinology. In his 
highly specialized and related fields. dinner quiet fireside hour he attem; 
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the interesting matter of muta- 

Suddenly he plunges headlong 

field of polarity Of course, he 

so analyze potential differences, 

nvolve the field of force. He is 

meerned with molecular physics, 
se it. no doubt, lies somewhere be tion 

the Alpha and Omega of eyto- of hi 


tics. He may also request the physi- — phases 


» speak of physiological gradients. netics, biochemist: 


so on in endless procession he dis mathematics rhe 
s unexplored terrain—new fron- cases, developed a 
- likely to find more 
As a student of animal breeding he lems of analvsis tha 


SVHTHeSIS: 


s found now that his approach to the problems o 
m of his problems reaches out so working with an eve) 
that it goes somewhat beyond the sion of smaller and sma 


; 
} 


familiar categories of scientific he finds comfon 
iht, and he now seeks organization — these into a definite o 
thought and endeavor in the field of He must be fam 
ogical philosophy by means of which workable knowledge 
hopes to understand and integrate must likewise be able to 
the vast array ot problems he encounters details in oreal 
his search for a solution all, the pract 
Thus, for some time he has been much in the org 
ttempting to satisfy his curiosity by useful organi 
adventuring into details that are funda organic life in 
mental to a fuller understanding of the The development 
complex problem of inheritance. He deeply concerned 


has become more and more analytieal- ciples fundamen 


minded And, it is right that he should velopment to orgal 
be analytical-minded. Indeed, he must tion in animal 
be analytical-minded! But, he is still The chemist mee 


a student in animal breeding looking for when he attempts to 


U. 8. SHEEP EXPERIMENT STATION AND WESTERN SHI 
LABORATORY HEADQUARTERS 


DEVOTED EXCLUSIVELY TO RANGE SHEEP IMPROVEMI 
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SUMMER RANGE FOR RESEARCH FLOCKS 
OF 8,000 FEI ARE REACHED BY JULY SUMMER GRAZING AB 


THE FIRST SNOWS BEGIN TO THREATE)D 


mental aspect of how the individual ele- for the competitors of n 
ments get themselves built up into syvn- must likewise lead the way by 
thetic products. But ask the develop improving the quality of wool 
mental biologist how the very minute ele products, but it must lead the w: 
ments of the nucleus get themselves built efficient production of these 
up into a complex organism! His_ It will require analysis, it wi 
answer will, in all probability, be less synthesis to ably meet the 
specific than is the answer of the chemist which the trusteeship involv 
Much of the biologist’s answer, if indeed vested in the animal geneticist 
an attempt is made to make it fairly The improvement of our domest 
complete, will be philosophic in its’ mals through breeding has alwa 
approach very largely an art, because its 
Ask the animal breeder how successful have been approximate. With ar 
he has been in making fundamental im- expanding knowledge of biologi: 
provement His methods have been nomena, the effort to make it a s 
largely empirical. What hope does this has been increasing. It will be 
method offer for the future? He him science only to the extent to wl 
self is asking this question. He is like- are able to acquire knowledge ai 
wise asking, Does any other method offer trol of Mendelian phenomena. T! 


more hope? And, he is expecting an appears that animal breeding offers 


answer. Science must do its part in possibilities of remaining, in ¢ 


supplying this answer. Research has somewhat of an art as well as be 


led the way for the competitors of wool, in part a science. This conditior 





GENETICS AND RANGE SHEEP 


EWES WITH TWIN LAMBS 
BS ARE TRAINED IN SMALL GR PS TO STAY WITH HEIR Mi | 


INTO REGI N BA)? AB 1.100 


not discourage the fullest application of | characters for whicl 
science In our search for a solution have been described 
Analytical genetics and the inter- simple, and while they 
phases have paved the way for our ex unimportant econon 
eursion into the field of creative geneties. ute to the fundamenta 
Its task, however, has by no means been cedure. Many characters 
completed. It must continue to illumi have already been genetica 
nate the path of progress in animal im are fundamentally important 
provement and pave the way for further the most significant of these 
adventure. Analytical genetics must logued as undesirable re 
penetrate and explore the barriers; crea- fects, physiological as we 
tive genetics must make full application Progress in quantitative 
of the explorations. been so rapid 
When we speak generally of analytical The evidence that is 
genetics we have in mind genotypic this time seems to indicate that those 
analysis, particularly with reference to qualities in animals which have the most 
the number or kinds of genes concerned — significant economic value are complex 
in the inheritance of characters, their in their inheritance. The matter of size 
interactions and their linkage relations. as an example, in many kinds of animals 


The analytical geneticist has been able is an important utility factor. At least 


to write the genetic formula for a num- one investigator of size in 
ber of these, and has postulated the for- laboratory animals, the rabbit 


mula for many more. In general, those worked for almost 30 vears on s 
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concerned with the inheritance of size 
So far he has not identified one gene to 
which he ean attribute a definite effect 
for size. In another laboratory animal, 
the mouse, one investigator has estab- 
lished one case of linkage between a size 
vene and a color gene. But to do this 
required several vears and hundreds of 
mice In Drosophila, it has so far been 
possible to identify only a few of the 
venes affecting quantitative characters 

The opinion seems fairly unanimous 
that the utility characters such as size, 


vigor, physiological performance, ete 
ph, 


are affected by many genes, and that, 


very likely, some of these are interacting 
in a very complex manner. Moreover, 
there is an interaction between genes and 
environment which obviously contri 
butes to the difficulty of making a satis 
factory genetic analysis of complex 
quantitative characters 

On the basis of this experience it 
would likely require many, Many years 
and thousands of sheep to complete a 
genetic analysis of the utility faetors in 
this species. And, if the gene pattern ol 
every character were known, we would 
still be confronted with the task of com 
bining the desirable genes into sheep that 
would be an improvement over those we 
now have, and this task might require 
fully as much time as the analysis. If 
as few as ten pairs of genes were in 
volved in a given character, nearly 60, 
000 genetically different combinations 
would be possible. To bring order out of 
chaos in an analytical problem involving 
such numbers would require the courage 
of a Daniel, the determination of a 
Cromwell, the patience of a Job. 

In the light of these conditions, when 
a general improvement program is 
undertaken, the objective must be very 
clearly defined. If the objective involves 
the improvement of sheep for range con 
ditions, then, obviously, all the environ- 
mental details of that project must be 
typical of that sort of environment 


which generally characterizes 1 
tions under which the sheep ar: 
to serve the ranchman. This « 
any artificial stimulation of gr 
development beyond the custom 
tice of the out-of-door, go-and-vet 
and the essential winter feedi) 
eram. While it would be of int: 
some value to determine the 
potential development of these 
sheep when placed under artifi 
ditions, this development could 3 
as a very reliable measure in ap 
values of usefulness in the op: 
country where hardiness, e¢razi! 
ties and ability to do well are so 
seasons and vears that vary cons 
in food supply and climatic eo 
Obviously, the efficiency oft the 
relative to feed lot gains will | 
sidered in the program. The in 
ment in the sheep must be the r 
‘seed’? and not of ‘‘soil,’’ of bi 
and not of an artificial envirom 
order that the same degree of! 
which characterizes their m« 
excellence might be reasonably 
sured under similar natural cor 
If, however, the environment is 
nently improved over that whicl 
terizes the general range conditi 
germ-plasm can accordingly be a 
to conform with such envirom 
change. Nature will be an imp 
element in the selection procedur 
There will obviously be an 
made to analyze the inheritance 
characters in sheep in the Western S 
Breeding Laboratory, particular] 
such analysis will facilitate sel 
But this part of the program v 
secondary. Undoubtedly in an inb: 
ing program, which is designed to p 
a line for desirable qualities, rec 
characters will appear, and in 
cases, the inheritance of these ¢: 
determined from data that aecun 
in the natural course of developme 
other objectives in the program. | 
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CORRAL AND CUTTING CHUTI 


OWING METHOD OF SORTING LAMBS FO tES ARCH DATA. 


M} FEET AND CAMP SUPPLIES AR PA 


time in the future it is deemed not ne 


cessarilv be 
ulvisable to attempt a genetic analysis homozygosity for 
some of the more complex quantative the sire or dam 
haracters, it would seem that sheep Hybrids that are the pro 
which have been subjected to judicious representing two breed 
nbreeding for some time would be more appreciably superior to 
suitable for such an analysis, because while one parent or the 
they would be more homozygous for the show superior progeny 
characters involved than they were be- animals of its own bre 
fore anv inbreeding was done the superiority of the of 
Experimental animal breeding has not due to the homozygos 


demonstrated very clearly that there is ent or the other 


a marked variation in the renoty pic con 


ror most 
renes ot sheep, but rathel 


stitution of animals within a breed and of complementary 


rrenes { 


that the phenotype is not a satisfactory both of the parents When 


measure of the genotype. Progeny test been maintained 


separate 
ing is one means of measuring the geno time, it 1s generally concede 
type, and it is a fairly satisfactory mea- become somewhat different 
sure when adequate recognition is made genotypes, though the e 


‘ 
it) 


the matings involved. However, all respective gene types in the 


phenotypically desirable progeny may within these breeds ma) 
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the same in outward conformation and 
In Tunction 

When 


strains or lines within a breed, heterosis 


matings take place between 
operates in a similar manner, but usually 


to a somewhat lesser degree. Strains 
within a breed generally do not have the 
same opportunity to become genetically 
differentiated as do different breeds, be 
eause the influence of popular sires and 
strains sooner or later is felt in practic- 
ally all prominent strains within a breed 
When there is, however, enough genetic 
distinctness between strains to produce 
a material heterosis in their hybrids, this 
is not necessarily a clearcut measure of 
the for 
dominant desirable genes, but rather an 
that 
distinctness 
effect 


may 


homozygosity of each parent 
there is enough genetic 
the 
Obviously, 


indication 
involved in mating to 


heterosis. one parent 
contribute more to heterosis in the 
The rela 


for 


mating than the other parent. 


tive homozygosity of each parent 
dominant desirable genes will govern, to 
a considerable extent, the contribution 
from each parent to hybrid vigor in the 
progeny. 


When line that 


is highly inbred, and that are relatively 


individuals within a 


homozygous for desirable genes are 


mated together, they generally do not 


produce as vigorous offspring as are pro 


duced when individuals from one line 


are crossed with individuals from an- 


the 
foundation for two lines were equally 


other inbred line Even though 


homozygous for the same good genes at 
the they differ 
some generations of inbreeding because 
different 


become fixed in the two lines. 


beginning, would after 


combinations of would 


When two 


lines are crossed it is quite probable that 


renes 


heterosis in the progeny would be in pro- 


portion to the complementary genes in 
these lines. 

It is probable that the maximum use 
fulness of inbred commercial 
production will come from the heterosis 


lines in 


THE SCIENTIFIC 


MONTHLY 


obtained from such lines in 
If this assu 


correct, then it follows that th: 


and erossbreeding. 


lines should be developed to ti 
mum reliability for this purpo 
ability to repeat desirable per 
will likely constitute the major 
reliability, and this ability wi 
eral, be based upon the homozy 
the 


line that enter into crossbreedi) 


good genes of individuals 
Outerossing tends to concea 
to expose undesirable genes 
of breeding is most prevalent 
mercial production, because 
that the 


enterprise must not suffer the 


ent SUCCeSS§ OT a 
dent to the production of too n 


mon lambs, that might 
the 


inbreeding program. 


arise at 


relatively early stages 


Inbreeding, though it is slig 
to expose and fix undesirable as 
The 
the 
foundations fron 


desirable qualities. 
the 
heterozy fOUS 


more 
inbreeding in compat 
such lines must originate, gene) 
the eul 

some lines this culling may be s 
that it difficult to 1 
them. obvious reas 
this 


involve large numbers of sheep 


more severe must be 
becomes 
This is an 
undertakings of nature 
Lines will, probably, vary in 
eree of inbreeding which will ma 
the 
Likewise, they will vary in thei 
For this 
the 
inbreeding in the lines involved 
Very 


within a very heterozygous group 


most serviceable for oute 
to endure inbreeding. 


attention must be given to 


a program intense inbre 
doubtless give rise to a larger num! 
undesirable segregates than would 
within a relatively homozygous 
Moreover, very intense inbreeding : 
outset in a relatively heterozygous 
might be the means of failure, and 


in the discarding of a potentia 
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a 
~lity, 


Wie 


A 


CONTRAST IN WOOL COVERING OF FACI 
‘OPEN FACE’’ i ES HE OTI 


WHICH HAS LI 


cesstul line in which some Loot qualities Inasm wh oas 


prevail that might be advantageousl) carry the same 


oncentrated by resorting to a less in * number 


tense program of inbreeding at the ference in tl 
beginning, which would allow for more obtained witl 
effective selection within the line of lines that 

Progeny testing is our best means of be unsafe to 
measuring the inheritance of sires and inheritance of 
dams. Inheritance can not be measured in itself and 
before it has had an opportunity to ex through the 


press itself, hence progeny analysis. If other lines 
the progeny of successive sons in a line mentary qualit 
progens Testing ! 


) 


show a successive increase in efficiency 
for outerossing it would appear that = are introduced 
they are becoming increasingly homo back to the inbred 
zygous for the utility qualities desired available for brine 
In making suitable progeny tests of suc- desirable genes a 

cessive sons in a line as the inbreeding lines. This ma 
proceeds, it should be possible to deter- tical means of mm 
mine with some degree of accuracy how’ able inbred lines 
far inbreeding should proceed in the means of mate! 
line to produce optimum results for out indeed, salvaging 


rossing purposes. outcrossing lines 
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dure a high degree of inbreeding. Sueh 


a system of hybridization could be used 


between lines and also between a line 


and relatively unrelated, heterozygous 


vroups, the latter probably offering a 
bigger opportunity for general improve- 
ment in the breed as a whole. The cross- 
known per 

flocks of 


with 


ine of rams from lines of 


formance upon commercial 


mixed breeding, or crossbreeding, 


controlled heterosis, would seem to be 
the field in which such rams will extend 
their 


effectively within limited time intervals. 


influence most widely and most 

In an effort to develop relatively unre 
lated lines, the inbreeding program will 
the 


may be 


bring about divergence between 


and lines 
that 


specific purposes. 


that 1s 


lines, eventually 


evolved are especially useful for 


One line may evolve 
for long 


especially desirable 


staple; one for excellent mutton confor- 


one for freeness from skin 
still for 
the the 
When such divergence 


then 


mation: 


wrinkles, and another freeness 


from wool over face or “open 


face’’ character 


does arise in inbred lines, such 


inbred animals ean be used effectually 


for ‘‘corrective breeding,’”’ a practice 


which is much less effective when mat- 


ings involve heterozygous animals. More 
inbred 


over, these ‘specific purpose’ 


lines can be converged back into other 
inbred lines that are in need of the cor 
rective character involved Divergence 
between potential lines is already in evi- 


flock of 


characters as 


dence in the laboratory Ram- 


bouillets for such ‘*open 
face,’’ long staple, mutton conformation 
folds. 
ing in the flock was under way about fif- 
although it 


recent 


and freeness from skin Inbreed- 
has become 


The ap- 
for 


teen years ago, 


more intense in vears 


proximate coefficient of inbreeding 


the 1940 progeny from 805 ewes involved 


in 34 potential lines will be somewhat 
It will be about 30 
line and 


over eight per cent 
for the 
about 50 for the most inbred individual. 


per cent most inbred 


MONTHLY 


Creative genetics in sheep is 
involved if and when progress 
in bringing together a more | 
combination of desirable 
analytical method gives some | 
the 


characters 


complishing desired com] 


when have relatiy 

gene patterns. When complex 
terns are involved, as in qu 
characters, there may be more 

method such as inbreeding that 
courage a drastic reshuffling of 

with a view of encouraging th: 
tion of segregates that are comp 
homozy vous for desirable genes 
has a combinat 


new individual 


germ-plasm that did not exist 
This combination, however, ma 
not be desirable. Reference 

here to the production of suel 

combinations that are more hon 
for good qualities than those tl 
existed before progressive inhe} 
Individuals with such gene comb 
should be more capable of transi 
combinations tl 


desirable gene 


viduals relatively less homozy 
these qualities. 
The 


cerned 


animal breeder deep 
with a 


formly in animal form and funet 


desire to express 
result of the best combination of 
that it 
The 
the effort to realize this desire is 


genes Is practically poss 


combine. method of appro: 


what immaterial to him so long 

improvement is fundamental and 
complished at a fairly encouraging 
upon the ge 
offers 


ment as to rate of accomplishment 


A mass attack 


through inbreeding enco 


obviously, any measurable pr 


would be fundamental. By means 
breeding there would be produce 
sirable as well as undesirable pr 

The percentage of each would be 

enced directly by the genotypie const 
tion of the 
entered into the production of the 


foundation animals 
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ild be important, therefore, to 
much information as_ possible 
e potential usefulness of a strain 
too much effort is spent on in 
Og Tests of potential inbred lines 


be made fairly early in the in 


program, and it would 


ye TO make tests somewhat 
the development ot the 
to chart its development 


lv. It would not seem necessary 


st the line in each generation be 


if the rate of inbreeding that 

or the line is rather slow, no gre 
re in the homozygosity of the line 
be expected to occur In one gen 
n. There might, of course, be large 
hanges in some individuals born within 
ine due to Mendelian segregation 
| it would be hoped that these might 
ome identified by suitable prog 


CTLs 
tests However, it appears important 
to confuse the total change in the 
rogressive inheritance within a_ line, 
th marked genotypic changes due 
Mendelian recombinations in any one 
lividual within the line 
Basically, it would appear that rams 
an inbreeding program might be 
“l for four rather specific purposes, 
Iv, their value for perpetuating 
own line; for crossing with other 
nbred lines; for top crossing with unre 
progeny ci 


ated purebred ewes and for crossing 
th ranch ewes. This obviously is a d a Bo Gucceene 
ult assignment, and, in all probability, ®W®S SParec from U 
be done with comparatively few °! his test, 1s lost to the 
rams within each line. Perhaps it would “0? 0! his test, and tl 
not be necessary to make all these tests felt in a reductiot 


} 
ine 


While the performan 


t 1s probable that there would he 2 
f mated to unrelated 


every line each generation, because 


high correlation between the results o 
certain of these tests It is difficult to even ewes of mixed breed 
test a ram for his value in perpetuating definite measure ol 

s own line, because the number of ewes when used within hi 
within any one line is not large, and, in nevertheless, be one 
general, all ewes are needed each vear his transmitting qua 
within the line in order to provide re- sideration is taken 


y 


ements. There will be exceptions to volved in such mat 
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the program will require that considera increase in the homozygous 
tion be given to an attempt at standard- good qualities with success 


izing ewes set aside for ram-testing pur- tions of inbreeding 


poses, such standardization to involve It should be emphasized 1 


the use of ewes for test purposes of the now under way at the West 
same general breeding and quality. Breeding Laboratory are not 
The *‘spade and shovel’’ work has just permanently closed lines 
begun in creative genetics as applied to can not assume that the 
the improvement of sheep for practical these lines is adequate in 
efficiency in range production. The pro- subject to improvement by 
gram offers possibilities in the propor- These conditions are recog 
tion in which foundation animals that program by introducing rai 
are used in the production of potential purposes, from time to tim: 
inbred lines carry desirable genes for of discovering qualities that 
the qualities sought and in the degree to now obtain in the laborato: 
which these can be fixed by selection and one line can possibly possess 
inbreeding This may take the form of the qualities that are in all 
a temporary stimulant or of a more per fore, from time to time, cross 
manent benefit. The nature of the pro- that possess complementa 
gram of this laboratory should insure’ and outerosses followed b» 
both, and by a rational procedure of the crossing back to the inbred 
inbreeding program the temporary stim made with a view of bringi 
ulant would naturally be supplanted by as many desirable genes as p 
the more permanent one. Desirable individual lines. These can bi 
rams that are the result of one or two further inbreeding By meat 
generations of inbreeding may prove’ method it would seem that 
stimulating in outcrosses. This effect combinations could be effected 
may prove increasingly permanent as serve as a measure of how s 
the generations of inbreeding continue, creative genetics can be appli 


providing, of course, there is a consistent improvement. 





SOME NATURAL HISTORY DESCRIPTIONS 
OF JAMAICA 


By Dr. KATHERINE V. W. PALME! 


+ 


beauty of the island of Jamaica hut palms 
West Indies, so impressed Chris- mental pice 
Columbus on a May day in 1494, Santa Gloria 
sailed his caravels into a harbor Jamaica 
opped anchor on the north shore It lies soutl 


named the spot, Santa Gloria and west of 


ame passed into oblivion as did the and Hispaniol: 


il natives of the island. the Ara can Repub 
ss, and later the Spanish civilization, geographic 
the loveliness of the landscape has waters, the 1 

the test of time Scenes in that position in 
on, such as the deep blue of the sea, trade and 
breakers over the coral reef and the area 


| sweeping through the leaning coco After 


NORTH SHORE OF JAMAICA, NEAR WHERE COLUMBUS LANDI 
321 
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pied by the Spanish, who exterminated roless, Queen Isabella li Spa 
the natives but introduced the Negro asked what the island of Jan 
slaves. The Spanish were conquered by _ like, he crumpled a piece of 
the English whose rule has been main hand and placed it before his 
tained since No more graphic descriptio: 
For over 400 vears the island has been pography of the country has 
visited or possessed by explorers, settlers, given 
buccaneers, pirates, traders, planters, The Blue Mountains with n 
seamen, soldiers, slaves, merchants, nat peaks from 5,400 to 7,360 feet 
uralists, writers and tourists ing the mountainous northe 
From that motley group whose lives gion; the beautiful, deep 
in many cases were dominated by inter levs; the roughly cut, sir 
ests which may or may not have been pit) country of the central 
allied to natural history, descriptions limestone plateau; the mount 
from their writings are brought together swamps of the southern coast 
to show that though exploring, fighting, rivers cascading into the sea on 
looting or studying, all have added perti- are all crowded into an are 


nent points to the description of Jamai square miles, 144 miles in 


can nature study miles at its greatest widtl 
When Columbus returned to his pat In contrast to Columbus’s 





Jamaica Tourist 


BOSTON BEACH, JAMAICA. 
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le 


A COMMON COUNTRYSIDE SCENE, NORTH SHORE OF JAMAT( 


onstration of the general topography of 
the island are the paragraphs of enjoy- 
able description which R. T. Hill, the 
geologist, indulges in when in 1899 he 
wrote of the reconnaissance work in the 
“Geology and Physical Geography of 
Jamaica.’’ 


Imagination pictures no more exquisite seen 
ery than that which attends the ascent of Blu 
Mountain Peak. With increasing altitude pano 
rama after panorama of tropical landscape un 
folds in rapid succession. At Gordontown, nine 
miles north of Kingston, where the interior mar 
gin of the Liguanea Plain meets the mountain 
front, the ascent through the red-colored cliffs of 
the Hope River Canyon begins, which here, at an a 
altitude of 900 feet, debouches into the gravel the cliffs ar 
plain through a boca. A thousand feet above, ind delic 
the white buildings of Neweastle Barracks look flowers \ 
like doves upon a housetop, yet we climb so far 1,000 to 4,000 
above them that they seem like toy houses numerous, findir 
below. At 2,000 feet the Plain of Liguanea moisture, At 
with its cities and villages and the shipping of 


} 


Kingston Harbor, grow smaller and smaller, and 
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Spanish sought gold in Jama 


+ 


not find it as a natural produ 


er, here were brought the gold 


easures plundered 
rv of the New World On 


simie a tone sand spit or 


from Spanisi 


Said 
, . 

slands the Palisadoes. extend 

finver 

1] I 


the mainland like a 
tect the contents of a hand 
rmed a well protects dl harbor 
cits and Capita Kineston 
Palisadoes is the ren 
the onee flourisl 
buccaneers To-day ships 
the sunken city of gold and 
Fishermen cast nets in water less 
fathoms over the former rende 
notorious pirates and privateers 
It has been said that Port Royal of 
sixteen hundreds abounded in wealt! 
as in debauchery It was 
‘The Store House or Treasury 
West Indies.”’ Two or three thousand 
wes of eight were wantonly squan 
ered in a night. There Henry Morgan 
Francis |’Ollonais, Roche Brasilliano 
d Bartolomew Portugues were the 
ch chiefs who came or dwelt but ruled 
drunken revelry with a bloody sword 
However, some pirates were naturalists, 
as revealed by the writings of John Es 
uemeling, pirate, who sailed with Mor 
gan. Not only does he describe in detail 
the ways of pirates and Jamaican ta‘ 
erns but also of giant tortoises, the trees 
and fruits of Hispaniola, glow-worms, 
crickets, scorpions, caymen or crocodiles, 
birds, and none the least, the manatee or 
sea cow, which he speaks of as a fish 
After a long, tempestuous history, 
without warning, Port Roval’s reign 


ime to an abrupt and terrible close 


Between 11 and 12 o’clock on June 7. 


1692, as the council of the city sat 1n s@s 


sion and the inhabitants were going 


The abo e (ese! 
tem im Sloane’ 


chronicles of the na 


maica. He was a do 
Duke of Albeman 
on the 
Morgan Sloane 


on the island Dur 


lected SOO plants 
never been named 
those plants, life size 
large volumes 
1725 

Though Sk 
vreat effort an 
followed by another pl! 


who similarly published 
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island. He » island in 1798 by 


fated Bounty 

which establisl 

raderie, the silk 

hig Perhaps this Is « 

members havine been sine 

ountry by the special a 
The flora of Jamaica is represented by ‘Tom Cringle’s Tree.’’ F 
a luxuriant growth ol thousands ol spe 1 


on of that particular tree 
‘ies of wild and cultivated plants from n 


ain highway betwee) Ix 


a *° he . 


$ - 


sUE MOUNTAIN PEAK, JAMAICA, B. W. T. 
the sea to the mountain tops. The trav- Spanish Town, we go to Michae 
eler from the temperate zone becomes that vital, 
aware 0 


reckless sea stor 
f a long list of unfamiliar names. Cringle’s Log”’ 

The sour-sop, sweet-sop, breadfruit, tam- .. a large umbrageous w 
arind, nase-berry, papaya, mango, cus cast a shadow on the ground 

we ‘ ilready mentioned, right overhe 
tard apple, cacao, cashew, akee, lignum 

in diameter; but still it 


vitae, pimento or allspice, star apple, — jsh plant of its kind, for I hav: 


banyan, calabash, yacca, annatta; West vhose gigantie shadows, at the s: 


Indian ebony, Barbadoes Pride, cheri- upwards of one hundred and fifty 


. > eter ( thei inks. one in 

mova, allamonda are only a few of such , oe eee eae, owe Se | 
4 ex ‘ > : overhangs the Spanish Town road, 

a list The breadfruit deserves special through of solid timber: that is. not 


mention because of its introduction to enormous spurs that shoot 


~ 
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lo day the Negroes be ‘ve that tree IS 
nhabited by *‘duppies’’ or ghosts 
One line in that unsurpassed Negro 
of the Barbadoes and Jamaica 
‘The Wooing ol Jezebel Pett fer,”’ by 
Haldane MeFall, reveals a common bit of pitt 
not f local tink hin 


ote Oo 


natural history and a key 
olor pertaining to the black population sometime 
“Through a break in the cactus hedge ‘“‘ Alligator la 


**When Morass KeT 


look fe manvrove tres 


a white-robed figure stepped lightly into 
the vard.”’ 

The ubiquitous cactus fence so charac 
teristic of the habitations of the colored 
people of the West Indies certainly de- 
serves attention. The rows of barrel 
cacti securely massed together is a device 
with which nature competes’ with 
barbed-wire entanglements for keeping 
strav chickens, goats, burros, pigs and 
humans from wandering bevond their 
rightful boundaries 

When 95 per cent. of the population 
of the island is negroid, they naturally 


become part of the landscape. Their 


common and constant ‘*Good morning, 
Mrs.’’; ‘‘Good morning, Bokra, I beg 
you a tuppence,’’ called from any and 
every part of the bush or road make a 
friendly accompaniment to a picturesque 
setting. 
The Negro has added his bit to the ob- 
servations on natural history, as may be WHISTLING FRO 
revealed by the numerous examples in) qyyjyen 


his long list of proverbs and Savings 
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The fauna of Jamaica consists mainly Jamaica’’ as the ‘‘ gem 
of innumerable insects, land snails, fish nithology,’’ the long 
and birds Mammals and snakes are bird: 

CONSPICUOUS by their scarcity. There is 
only one indigenous land mammal, witl 
the exception of about 30 bats. The mon 
voose was introduced to keep the rats 
down, but became in turn an agent ol 
destruction of small animals. The inter 
esting manatee or sea cow feeds in the 
estuaries or harbors About five non 
poisonous shakes are known, but all are 
rare. Lizards are a familiar sight, as is 
also the large, introduced toad, Bufo 
marinus, Which emits a poisonous secre 
tion when handled At night, whistling 
frogs produce a constant chorus. These 
frogs are remarkable in that they lay 


evgs awa\ from KOOLS The tadpole ee . 
| With one’s memorv stil 
stage Is spent in the egg a 
= scenes such as the nichts filled 
The fauna and flora of Jamaica have ail F te the hell 
E SOUNAS O sects, ie JOTI-LINE 
heen deseribed best by Philip Henry : : . 
: little frog and the synchronize: 
Gosse, the English naturalist, who in ‘ 
of hordes of fireflies lighting sii 
1844 devoted almost eighteen months on wa 
ously about 22 times every n 
the island to the study of the natural ; ' 
; they give an impression of mass 
histors He returned to Eneland with 
oo --  lghted airplanes moving across t] 
1.747 specimens of vertebrates, 11,675 * . ' 
eas ta River Valley, glimpses of Jama 
specimens of invertebrates, 7,586 plants ‘ 
' ; been presented from a varied 
besides hundreds of seeds But his con 
roaming and writing people; ex 
tribution to the natural history of Ja ; 
r discoverer. creologist. pirate pl < 
maica was not so much the accumulation ; 
naturalist, narrator, fiction writer, N 
of such numbers of specimens as it was 
ane eta and naturalist. All have observed s 
the writing of his first-hand observations ; 
age thing in natural history and wi 
of plant and animal in that classic, *‘ A , :' 
. ‘ avi “Se into the fabric of the cloth of tl 
Naturalist’s Sojourn in Jamaica, in : na 
anise seriptions. They would, as well as 
which his thesis is clearly stated as ‘‘ Nat 
. to-day, agree with that notorious 
ural History is far too much a science of ; 
“hie turer, Captain Jackson, who wi 
dead things; a necrology .. . that alone 


is worthy to be called Natural History, 
which investigates and records the condi- Ye Temperature 


Jamaica in 1642, 


tion of living things, of things in a state © Y€ Ayre, may be very 


. %? > eompleetion and long life of v« 
> ‘ g } 

of nature: ...’’ Passages from Gosse 

here attain to greater age than 


would not give an adequate idea of the of ye neighbouring islands It 
book. tor it is a eontinuous deseription watered with pleasant Springs ind fres 
of plant and animal of land and sea. "4 wanteth noe store of safe conv 
hors for Ships, both on the South and 
oer sides thereof. For briefe, it affords, or 
sample of his style one may watch him aye, 


The book should be viven mm toto. Asa 


whatsoever, or most things, aff 


with what he refers to in his ‘‘ Birds of n, either for pleasure or profit. 





CONSERVATION IN PUEBLO AGRICULTURE 


Il. PRESENT-DAY FLOOD WATER IRRIGATION 


By Dr. GUY R. STEWART 


ge life of the modern Hopi and 
tribes is full of interest 

ent of primitive agricu 

These people, since 

with whites, have ¢ 


ent life with a devotion which has 
served much of their earlv cere 
al existence. In the same way their 
system of planting corn and minor crop 
nts has been far less affected than 
» the Rio Grande Pueblos with Span 
h and American agriculture Valu 
le light ean therefore be shed upon the 
es of early ways of growing the tra 
tional corn, beans and squash of the spring and 
ents by examining the agriculture The erit 
the Hopi and Zuni cultivators the Hopi cor 
The Hopi villages ile at the southern wl wl Comes dow 
end of the high upland known as Black at irregular 
Mesa The agriculture of these com rainfall descen 
munities forms an interesting example This flood flow 
the manner in which simple conserva- flats whicl 
tion practices have been developed To villages 


enable the cultivators to live in the portions of 


midst of a rigorous environment The run-off at three 


elevation at the villages is approximately June, July and z 
6,000 feet, but the plateau rises to about flood water ma 
8.000 at its northern end. This higher it is essential 
elevation gives an appreciably greater should be on 
rainfall upon the upper portions of the ' the field on wl 
plateau than the 12.7 inches recorded The light dams of 


over a ten-year period at Keams Canyon. are thrown across 
This greater upland precipitation pro- Hopi irrigators 
vides run-off in the main canyons com ping gully eu 

ng out from the upper mesa emptying = sive deepening 
between the first, second and third mesas rovos are ul 
on which the eight villages are located starts, a gu 

In addition, there is an important seep- in depth may 


age of moisture alone the mesa top, pro lowers the flood 
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BRIGHT ANGEL TRAIL OF THE GRAND CANYON 
COTTON SEED HAVE BEEN FOUND IN SMALL RUINS ALONG THE LOWER PART OF THE TRAIL, IND 
ING THAT THIS CROP WAS RAISED IN THE WARMER PART OF THE CANYON 
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be brought land 


not 


regular 


upon 1 
flood 

it out and keep the arrovo beds 
with the 


he 


use ol water to 


the sand and silt which 


readily deposits Is one of the im 
it factors in successful flood-water 
ng 

ee the flood flow he 
trolled bevond diversion from the 


fields at 


can not con 


main 
he 


washed out or other portions may be cov 


stream, parts of times may 


; ; 
silt and 


ered with a heavy deposition of 


TYPICAL FLOOD WATER 


This is one of the risks inherent 
It is 
minimized to a certain extent among the 
Hopi by the fact that a family may have 
a share in the elan lands inherited from 
mother to daughter, which will be lo 
cated in more than one part of the flood 
plain. This of the 


holdings also reduces the chance ot crop 


sand. 


in any such system of agriculture 


arrangement land 


loss from windstorms or from a heavy 
concentration of cutworms, which might 
occur the family and 


mld come out and pick them off 


before friends 


| 


FIELD ON 


EBLO AGRICULTURE 


lativel 


preparat 
Ss re 
late 
the spring 
been gener 
because 
WW na ero 


preparatiol 


wind 


most 


br 


wooden 


weeds abic 
; 


tional 


weed eutter 


THE FIRST 


MESA A 


have adopted 


Part of the older Hopi 
feel that steel or 
the soil and make the 


ron TOOLS 


to suffer from drout! 


the 
rroup 
the 


portion of the work. 


nothing but 


Each 


its 


famils 


genera 


own land men 


aome ti 
but the 
older children may at 


At 
the fields are cleared 


working with them 


that 


and windbreaks are rebuilt on the 


nowe' 


e 


pares 


I 


ajor 


women and 


seenT) 


me 
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soils, and new windbreaks will be put in 
upon fields which have not been planted 
the Any avail 
able type of brush or branches may be 
the be al- 
ter 


during previous vear. 


same material will 


the 


and 
To 


used 


lowed in rround even af 
if 


vive some protection against wind action 


sta\ 
is defoliated, so lone as the branches 
In the melon and bean fields the old roots 
be of the 
preparation, but in corn land the stumps 


removed as land 


will part 


from the previous crop are ordinarily 


HOPI BRUSH CHECKS RECENTLY 
allowed to remain so that the new plant 
ings will alternate with the old hills of 
At the flood 


water lands are prepared for planting, 


corn the same time that 
the men whose families have terrace gar 
den plots adjacent to one of the springs, 
work up the ground and prepare it for 
to 


early sweet corn. 


planting chile peppers, onions and 
The water of some of 
the springs is slightly saline, so that salts 
may accumulate in the upper soil and 


there may be a tendency for alkali hard 


MONTHLY 


pan to form 


he 


tors will often spade up t 


depth of 14 to 18 inches. breakir 


hardpan and incorporating 


residues left on the surface 


The first planting of ear! 


ordinarily put out in the terrac 


May, 


most 


In early depending upor 
In of the 
known as the Sun Watcher 


SOT] Villages 


point at which the sun rises a 
the To 


southern horizon, and 


on 


T IN TO CONTROL SOTL 


I] the 


eome 


that 
early 
The 


started 


then 
for 


Wi announce 


cor 


planting 


melons and beans main 


of corn is not until 


Town Crier announces that cor 
planted for the village Chief o 


This 


tribute to their leader f 


nor. planting is a 


arranging ceremonials and ad 


clan and village affairs 


(on such p OTs the 


obs 


a 


; 


BLOWIN 


tyoy 


Spol | 


‘or his ser 


~ 


The org 


tion of such a village planting pa 


partly wrapped up in mystical tra 
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ae 


e * ge 


HOPI TERRACE GARDENS, NEAR THE WIPO SPRINGS, FIRS 


PHOTOGRAPHED WHEN LAND W SEING » FO 


HOPT BRUSH CHECKS PUT OUT IN SANDY LAND 
RING THE PREVIOUS YEAR AND NOW LARGELY DEFOLI. 


SOME PROTE* ION FROM SO 
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a 
ee. 
Stewart 
LARGE EARS OF CORN 
NI, IN FLOOD WATER FIELD, ON RELA 
TIVELY SMALL PLANT, 


and is partly the result of long agricul 


tural experience 


Upon the day set for planting, as the 


men start from their homes, the women 
of their family will observe an old 
Pueblo custom and dash a dipper or Two 
of water over them, in order that the 
crop which they are to set out may not 
lack for rain water 

When the party of volunteer workers 
is gathered together, the men will first 
hold a short ceremonial smoke and 
breathe prayers for rain. Prayer sticks 
are next offered before a field shrine and 
a little corn meal is sprinkled in the 
six major directions—north, east, west, 
south, above and below. After these 
observances, the planters will start along 
one side of the field, spacing their plant- 
ing about three to five paces distant from 
each other. The rows are located in be- 


tween the rows of the prece 
and the hills alternated in d 
each adjacent row, so that n 
are opposite each other, and 
in new soil. 

The planting technique that 
developed is simple and effect 
planter removes the surface so 
foot and then digs a troug! 
from twelve to sixteen inches de 
damp subsoil which is reached 
depth is next loosened and fro 
twenty seed are dropped in the | 
covered with soil to a depth oO! 
ten inches. This deep planting 
the plants to obtain the maxin 
vantage from the moisture pres 
the soil and allows them to de 
deep root system which ean resist 
or the rush of excessive flood wat: 
the use of a large number of 
leafy clump of stalks is started 
vives excellent protection to the 
stalks when high winds blow at 
time. These outer leaves may 
fraved remnants at harvest tin 
through their shelter the centra 
are able to grow and mature one 
large ears of corn which are set 
base of the stalk just at the leve 
vround. The excess seed also gives s 
cient plants so that a fair stand is 
to remain, even though mice or cut 
vet into the field. It is often eust 
for foot races to be run by the pla 
at some time during their first 
work in a field. This is believed 
effective in starting the corn to gro 
rapidly. 

After the planting is completed 
the village Chief, other planting p 
of friends and relatives are organiz 
each village, as only a few fields 
planted at a time. The women 
family whose land is to be planted 
narily provide a mid-day lunch 
workers and entertain them at a bo 
ful supper when they return hon 
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\ great deal ot pleasant sor 
e villages Is centered aro 
uiting parties, wi 
of labor and e 
the work at the fall | 
rop 
as the corn has sprouted, the able for part 
it a hill is kept loose with a dig diteh-irrigated fi 
k and weeds are removed with a to wheat and a 
hoe Some hills which are for corn since 
to be badly whipped by the wind = grow this crop 
protected, when small, with cir- of the old procedure 
s protecting stones and later witl nally very similar to 
sh windbreaks. In many cases it can Hopi villages 
noted that individual hills of corn The Zuni corn field 


re surrounded bv low banks of earth to surrounded with a 


i 


d rain or flood water around the outer edge 

The Hopi cultivator gives his corn n retaining flood water 

» considerable attention during the’ ing ridge micht be eightee) 
irly part of its growth. Weeds are cut feet hich and three feet or 
th a hoe so as to conserve moisture’ the base This bordet 
ring the time of its most rapid devel raised by hand, but witl 
ment. Portions of the field which fail plowing at Zuni, the rida 


receive flood water from the first thrown up with severa 


rer 
= va 


+) 


. 
» 


“ 
— 


7 
- ~~ 


os » 


ZUNI CORN FIELD SHOWING THE CUSTOMARY EARTH BORDI 


rHROWN P TOR IN FLOOD 
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‘*RBOSTON GULLY’? NEAR ZUNI VILLAGE 
FLOOD WATER STREAM RUNNING THROUGH 


rHE STREAM WAS 8 


HOPI PEACH ORCHARDS, SECOND MESA, WATERED BY UNDERGROUND SI! 
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an of the Zuni streams fur 
flood water for patches of corn 
e a less torrential flow than the 
oming out of Black Mesa near 
villages Consequently, the 
tivator finds it easier to deflect 
d water out of the stream bed 
series of small brush-and-earth 
At planting time a series of het 
one, radiating earth checks, extend 
¢ out from the stream bank across the 
feld. will have been thrown up. The 
rush and earth barriers across the 
stream itself deflect the water from the 
hannel and spread it fairly even over 
the entire field with the help of the eart! 
hecks. The channel itself is kept up 
ose to the level of the field so that this 
system of flood-water irrigation consti 
tutes a wonderfully effective method of 
vully control The more thoughtful 
Zuni recognize the value of these meth 
ls in preserving the land. On a visit 
Zuni during the past summer the Gov- 
rnor of Zuni remarked to the writer: 
Zuni farming always keeps the land 
eood.”’ Trouble at times may be experi- 
eneed from excessivel\ strong flow of 
vater, washing out hills of corn, or too 
much sand may be deposited onto por- 
tions of a field, but spectacular gullving 
at least is prevented 
Not far from Zuni is a field which was 
farmed by Zuni cultivators for many 
years and was pointed out as an excellent 
orn field. About thirty-five vears ago, 
n the realignment of the reservation 
boundaries, this field was placed outside 
the Zuni lands and went out of tribal 
ontrol. The land was used for pastur 
age and flood-water irrigation ceased 
upon the area. Now the former flat 
stream has cut a deep channel, known as 
the Boston Gully, which is approxi 
mately seventy-five feet wide and twenty 


to thirty feet deep. It shows clearly 


that land under flood-water flow must be 


WiselV abla 
he preserves 


A series of 


] 


produce 
beans, ear 
introduced 

added to the 


At bot! 


NEWLY PLANTED PLO’ 


oO} MOIs 


; 


the peach crop constitu 
addition to the farm 
Peaches were acquired 
either directly from 
from the mission fathers 
early observations of ore 
that there were areas 
mesas where seepage was 


subsoil from underground 
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A RIVER GARDEN AT ZUN 


IN WHICH CHILE, ONIONS, EARLY CORN AND VEGETABLI 


— ts eae 


nae ~ Re ee 
a 


THE LARGE COMMUNITY VILLAGE OF PUEBLO BONITO, CHACO CANO) 


NEW MEXICO, WHOSE SIZE MAY HAVE CAUSED TROUBLE FROM OVERCROWDING IN PRE-SP 
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ees are raised from seed 

i continue to produce Te 

time. Many of the tops of 
avy pass their period 
tivity, but since few » trees 
budded stock, shoots are allowed 
»up from the base of the tree and 


1 time the new shoots become mod 


productive once more The 


trees are planted by individuals 


MAINS OF AN 


Ce ee ar Fe 


ay 


in common village or clan lands and the use 


belong to the person who sets out and water 


h, 


tends the tree. tion of org 
tion might 
SUMMARY ures where 
Probably some of the readers of this planting stic 
article will be interested to inquire what f this 
the causes were which led to the aban rise of the 
donment of many of the early agricul the excessi\ 
tural communities of the southwest. So with slow 
lar as can be learned there was no one The sudden 
single factor which caused a shift in during periods 


population and in occupancy of the surrounding country 











- &s 


Said 


o— eee ome ww 


' 


mee BAY ‘ 
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many communities and the withdrawal 
of the survivors to the northern Pueblo 
country, is still another suggestion 

In the case of the northern Pueblos, 
there is good evidence that the great 
drouth of 1277 to 1299 caused the aban 
donment of the Mesa Verde villages 
The other settlements at Canon de Chelly 
and along the San Juan may have been 
given up either during periods of crop 
failure or as the result of wars and raids 
In the case of the large communities 


such as Aztee and Chaco Canon, it 


quite possible that some overcrowding 
with lack of sanitation, together wit] 
communicable diseases rising to epidemic 
conditions at times may have acted to 
depopulate them, combined with wars or 


crop failures 


There is no definite evide: 


vreat catastrophic change 
throughout the region whicl 
wiped out agricultural plant 
wide area, though undoubt: 
drouths, such as the serious 
at Mesa Verde, mav have hay 


where 


We may, in fact, be just 


cluding that the system of — 
based on flood-water irrigat 
oped through the Southwest ’ 
lently adapted to a maintena fs 
of farming. The region, howe 

of rigorous extremes, and ai ™ 


variety of unfavorable factors 
tervene to throw the primitis 
out of balance with the e 


from which he wrested a livi noe 


WESTERN MIGRATION AS VIEWED IN 1855 nes 


EVER since Paleozoic times, therefore, t) 
Oriental Continent—that is, Europe, Asia and 
\frica combined—has taken the lead in anima 
fe Through tl Reptilian Age, Europe and 
Asia had species | thousands, while America 
untenanted In the later Mam 
malian Age, Nortl America was vet in the 
, both in its Mammals and lower tribes 
South \mert n still darker shadows: and 
Australia even deeper still The earth’s ant p 
odes were like ght ind darkness in he 
zoological contrasts And was there not in a 
this a prophetic indication, which had long been 
growing more and more distinet, that the East 


ern Continent would be man’s chosen birth 


place? that the ong series of living beings, 
which had been in slow progression through 
incaleulable ages, would there at last attain its 
highest exaltation? that the stupendous svstem 
of nature would there lb ypened to its fullest 


expansion? 

Another of our number has shown in eloquent 
language how the diversified features and pro 
ductions of the Old World conspired to adapt 
it for the childhood and development of the 
race; and that, when beyond his pupilage, hav 


ing accomplished his rescue from himself and 


the tvranny of forees around him, and broken 


the elements into his s U 
emerge from the trammels of tft wild 
n order to enjoy his f est fre het we 
ind action, and socia inion, , P 
observes further that Amer 
the appointed land for this freed = 
of which its open plains, and onenes S 
ture, were a fit emblem: and that, t these 
without signs of progress Alt 
this land is to be the centre tT I 1M ne 
the world. 

In view of all thes rrangements centr 
vell feel exalted He is the st of t rang 
ries, At his approach, the fierce t they 

th drew back, and the race dwind . th 
fourth its bulk and ferocity ! yg 
dons, Lions, and Hvenas vielding al 
species, better fit to be his attendants of, I 
n harmony with the new creation cerne 
Partaking of the Divine imag are ¢ 
pays him tribute; the universe is his 
study; an eternity his future Ss the ¢ 
high eminence on which he stands coun 
ess of James Dwight Dana . fact 
as retiring president pu 10.06 
issociation for the Advance tofs 
s annual » ne I I abov 
fuqust, 1855. or g 
iT 
accou 
la Ar 
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Tue physiography of Guatemala is one 
the most complicated in the world, 
nsisting, it does, of three distinct 
a low coastal plain, a high central 


as 


ateau, from five to seven thousand feet 
above sea level, and eleven major vol- 
anie cones rising another five to seven 
housand feet above the central plateau 
These voleanic cones, from east to west, 
re: Pacaya (8,350 feet); Agua (12,110 
eet); Acatenango (12,870 feet Fuego 
12.540 feet); San Lueas (11,790 feet 
Atitlan (10,000 feet) ; San Pedro (9,570 
et); Zunil (7,050 feet); Santa 
active : 12.540 feet : Tajamuleo 13,600 
feet)’ and Tacana (13,167 feet These 
nes all follow along the Pacifie margin 
f the central offer a 
wild jumble of ridges and slopes mostly 
8,000 feet above sea 


Maria 


table-land, and 
between 6,500 and 
level. Lake beds and canyon floors may 
ie as deep as 2,500 to 3,000 feet below 
the surafee of the plateau from which 
these voleanoes rise. 

Although the volcanic peaks follow the 
line between the Pacific littoral and the 
central plateau, two mountain 
ranges run easterly across Guatemala; 


main 


they arise from two elevated land-masses 
in the west—the Sierra Madre southwest 
of, and the Cuchumatanes directly north 
of, Huehuetenango. We are here con- 
cerned with the latter mountains; they 
are of great interest to the archeologist, 
the ethnologist and the zoédlogist on ac- 
count of their inaccessibility and the 
fact that they present large areas above 
10,000 feet with several isolation areas 
above 11,000. Their tops are composed 
of great undulating plains lying between 
1 The highest in Central America; for a full 
account, see Karl Sapper, ‘‘Los Volcanoes de 
la América Central.’’ Halle, Germany, 1925. 
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IN, CAMBRIDGE, MASSACH 


rough, hilly country w ay be bett 
defined, howe, Te a r} ’ , 
when compared to the deeply diss 
plateau region or the S 
of the voleanic cones 

The drainage of the whole mount 
region comprised in the departments 
Huehuetenango and Quiche is : 
and may be most clear! nderstood 1 
glancing at the map (Fig. 1 On « 
amination, this shows t the mod 
town of Santa Cruz Quiche close 
ancient Quiché Indian town of Utatlan 

stands on the narrow watershed | 
tween the headwaters of Rio Gra 
Rio Motagua system, which e1 S 
the Caribbean, and the headwaters of the 
Rio Negro-Rio Salines system,’ wl 
empties into the Gulf of Mexico via the 
mighty Usumacinta On the northerly 
slopes of the Cuchumatanes, s D en 
palisaded, ridges extend northward f 
the main mass like fingers hese ridges 
throw the drainage into roughly parallel 
streams which are eventually absorbed 
into two river systems: on the nort! 
east by the Rio Lacantun and carried 
by it to the Usumacinta; on the nort! 
west by the Rio Grande de Chiapas 
and earried by it to the Rio Grijals 
This latter river and the Usumacinta 
have many inter-connections on the hot 


Mexico, before 
M The 


tenango’ ands 


coastal plain of Tabasco, 


emptying into the Gulf of x1co 


modern town of Huehue 


on the narrow watershed between th: 
Rio Negro-Rio Salinas system and the 
Also called the Rio Chixo. 


P. C. Madeira, Jr., illustrates s < : 
plain in Pl. 20 and the Usumacinta delta in 
Pl. 26. ‘‘An aerial expedition Central Amer 
ica,’’ Museum Jour., Univ. of Pennsylvania 
1931 


4 Near ancient Saculeu. 
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FIG. 1. MAP OF THE CUCHU MATANES MOUNTAINS 
SHOWING THE REGION IN THE 
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Rio Grande de Chiapas system, just as 
stands Santa Cruz Quiché on its water- 
shed. Bearing in mind that the topog- 
raphy of this whole area is generally so 
precipitous that even foot-trails must 
often follow streams or ridges to make 
travel possible, the location of two an- 


nt sites of towns on watersheds should 


not be overlooked by the archeologist ; 
their position would have been strategic 
from a commercial point of view alone; 
isolated, as the ruins are, on tongues of 
land surrounded by deep hbarrancas 
ravines), they were also impregnable 
from the military point of view of a 
people without fire-arms, as is attested 
by Bernal Diaz’s account of Utatlan: 
“When he (Alvarado) had made 
entry (into Utatlan), he saw what a 
stronghold it was, for it had two gate- 
ways, and one of them had 25 steps 


his 


and the other entrance was by a cause- 
way Alvarado barely escaped out of 
the city over this causeway before it was 
demolished ; informers, as well as his ob- 
servation of the fact that and 
children had removed the 
town, apprised him of the intended fate 
of the Spaniards had they remained ; the 
city was to have been fired and the 
Europeans either burned to death or 
slaughtered as they fled, horseless and 
afoot, through the one gateway with 25 
steps. 

From the brief description of the 
drainage given above, it is at once evi- 
dent that we are dealing with a special 
topography not corresponding in any 
way with that of the continental divide 
as recognized in the Rocky Mountains of 
North America or the Andes of South 
America. 

According to Griscom :' 


women 


been from 


5 This narrow neck of land across the ravine 
is still in place. The quotation is from 8. J. 
Mackie, ‘‘ Documents and Narratives concerning 
the discovery and conquest of Latin America,’’ 
Publication No. 3, Cortés Society, New York. 
1924. 

®L. Griscom, Amer. Museum Natural History, 
Bul., 64: 24, 1932. 
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Geologically Central America is 1 t 
North or South America, but i ti 1 t 
b een the tw I folds t t 
which form the Andes and tl western ranges 
of North America are not contir 1 in ( I 
America, where the strata are f led 
to east 

By far +} gre ate , rt - ¢ ntral \y 
and Mexico is covered y Ureta us I 
tiary deposits, both s n vy and 
gut here and there from s thern Uaxa 
Northern Honduras, and pat larly in G 
mala, Palaeozoi granites nd schists, j 
by limestones containir { I s ssils 
are known to occur and | ! 
siderable thickness of beds posed t I 
Silurian. Wherever the st: has been I 


+ fy . 4 ‘ 


served, it is approxima 


Sapper has definitely identified Pala rocks 
in the Altos (Highlands f Hu nang 
and Quiché, and the ranges running east in 
Vera Paz. 

The great voleanoes of M ( 7 
America began their eruptions towards t close 
of the Cretaceous period, ] g 
widespread during the Eoce1 nd ssibly tl 
Oligocene. Hill believes that the greater mass 
of the present volcanic he ghts was piled | 
before the Pliocene, and the present « ters are 
feeble and expiring phenom l 
the voleanic deposits is very great and most of 
the southern half of the iitos is bumed under 


these to a maximum thickness 000 to 12,000 
feet, entire ly concealing the riginal str 
of the ground. 

In fact, there is evidence that the 


plains, no matter how dissected by ra- 
Huehuetenango, 


Chimaltenango, 


vines, which surround 
Santa Cruz Quiché, 
Quetzaltenango, Guatemala City and Sa 
lama, to mention only a few places which 
I have 
enormous deposits of ash filling deeper 


personally seen, are really 
and older valleys acting as catch basins 
The ash itself is often white or chrome; 
locally it is called talpetate; it 
tightly, but is easily eroded by running 


packs 


water ; these two qualities explain the oc 
of the extremely 

found in almost all the 
the 
nevertheless 


currence precipitous 


side-walls har- 


rancas ; talpetate, though easily 


eroded, is extremely cohe- 


sive; it has little tendency to slide; con 
sequently the barranca walls, when not 
that 


The 


vertical, are pitched at a slope 


would not otherwise be possible 
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extent of the dissection of these ash 
catch-basin plains can not be appreciated 
by a man standing on the plain itself, 
but it is extremely impressive when seen 
from a mountain or an aeroplane. The 
dissection is so great that it offers serious 
impediments to travel. Piercing this 
blanket of volcanic deposit, older forma- 
tions, such as the Cuchumatanes, pro- 
trude here and there. It is a short, ten- 
day visit to these mountains which I shall 
describe. 

Let me state at once that our itinerary 
was most vaguely outlined. Our plan 
was to ride from Sacapulas to Huehue- 
tenango and from the latter place as far 
into the Cuchumatanes as our time per- 
mitted. We could find no one in Guate- 
mala City who could give us specific in- 
formation as to a choice of route or other 
information. Although this high moun- 
tain country is by no means uninhabited, 
it is seldom visited and then only by 
native commercial travelers either on 
foot or horseback, with none of whom 
could we establish contact before our de- 
parture. So far as our party was con- 
cerned, therefore, we were visiting 
country about which we had only the 
most rudimentary foreknowledge.’ 

We left Guatemala City by automobile 
on March 31, 1934, for Santo Tomas 
Chichicastenango, a picturesque Indian 
village in the department of El Quiché. 
Here we put up at Alfred Clark’s com- 
fortable Mayan Inn, and proceeded the 
next day, two hours and a half, to the 
village of Sacapulas, on the banks of the 
Rio Negro. Here we spent the night at 
the house of Dofia Eugenia Fernandez, 
with whom arrangements had previously 
been made by Mr. Clark to lodge us and 

7 See O. La Farge and D. Byers, ‘‘The Year- 
Bearer’s People.’’ Pub. No. 3. Middle Am. 
Res. Series. Tulane: New Orleans, 1931. F. 
Blom and O. La Farge, ‘‘ Tribes and Temples.’’ 
Tulane Univ., New Orleans, 1926. Interesting 
collateral reading is offered by T. Gage, ‘‘The 
English American. A new survey of the West 
Indies, 1648,’’ edited by A. P. Newton, London, 
1928. 


to supply us on the following mor 
with saddle and pack animals. 

Our arrival in Sacapulas caused q 
a stir, for foreigners seldom visit it. ; 

I suspect, the riding trousers o! 
ladies added to the wonderment of 
inhabitants; for a woman in the co 
districts of Guatemala either follows 
husband’s horse on foot, or if she 
modestly uses a side-saddle; she y 
consider riding-trousers more o 
place on a woman than we would s 
on a man. Crowds of little boys 
surrounded our 1931 model car and 
Ford truck; from their comme: 
gathered that both of these antig 
vehicles appeared to them as th: 
word in high speed development 
compared with an ox-cart, the co1 
son is valid; and we were alread: 
territory where even the ox-cart is s 
used, owing to the lack of wagon ro 
while just across the river all traffic is 
necessarily by horse or on foot. 

We found Sacapulas to be a 
white-washed adobe village, the buildi: 
mostly with tiled roofs, for the va 
of the Rio Negro is a distinctly dry, 
most desert country. Although its : 
tude of 4,500 feet® above sea-level is « 
500 feet less than that of Guatem: 
City, nevertheless it is hot during 
day and cold at night. These conditions 
are those commonly found in Guatema 
in the high interior valleys lying so 
of a cordillera; their aridity is due 
the heavy precipitation falling on 
northern slopes of the cordillera, wher 
the hot, moist trade-winds blowing fro! 
the sector between northeast and sout 
east over the lowlands of the Yucat 
Peninsula meet high elevations and a! 


rapidly chilled, precipitating excess 
moisture. Although the heaviest pre- 


cipitation falls, as I have said, on 1 
northern slopes, some is also deposit: 
around mountain tops; the result is a! 
arid valley lying at the base of better- 
watered heights. Consequently, con- 


8 L. Griscom, op. cit., p. 421. 
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through 
lush 


flow 


spots ot 


streams 
desert. 


may 
The 


water is 


siderable 

ative 
vegetation wherever available 
re in strong contrast to the desert vege- 


If these con- 


« 


tation surrounding them. 
asts in one valley are sharp’ the con- 
trasts between two are even 
sharper; it may truthfully be said that 
each valley forms a little world of its 


+p 
tl 


valleys 


own: its rainfall and temperature, and 
consequently its flora, are mainly de- 
pendent upon purely local topography, 
such as the relative positions and alti- 
tudes of surrounding peaks, the elevation 
of the valley above sea-level, and its 
degree of the 
winds blowing in over a hot coastal plain. 
My diary reads: 


protection from humid 


Left Chichicastenango at 2: 05 for Sacapulas. 
The country is extremely mountainous, but the 
between Los 


absent. 


very abrupt barrancas (ravines 


Encuentros and Chichicastenango are 
The foothills only of the Cuchumatanes tower 

ll-like across the northern horizon. From the 

, basin-like plain of Santa Cruz Quiché, the 
topography has changed to steep mountains with 
rounded contours covered with sparse spindly 
Oceasional organ cactus 
brown (this 
The road 
winding, 


pine and twisted oak. 
at the 
time of the year is the dry season). 

is excellent though very and 
with plenty of grades that require shifting to 
Arrived 


lower levels. Grass burnt 


narrow 
first speed downhill as well as up. 
Sacapulas 4: 45 P.M. 

An idea of the extent of this 
afforded by a comparison between Quirigué and 
Zacapa, both on the Motagua River and only 
From Revista Agricola, Vol. 
XIII, No. 2, pp. 123-26, the following is ob 
tained: Quirigué: elev. 225 feet; annual rain 
fall, 2083 mm, vegetation, formerly a tropical 

Zacapa: elev. 
mm, vegetation, 


eontrast is 


miles apart. 


jungle, now banana plantations. 
603 feet; annual rainfall, 731 

mimosa and cactus; L. Griscom, op. cit., p. 19, 
gives rough rainfall figures as follows: Carib 
Lowlands and northerly slopes of the 
mountains in Alta Vera Paz, 
Motagua Valley near Zacapa, 6 inches; 
(elevation 3,000 feet), 26.5 inches; Guatemala 
City (elevation 5,000 feet), 55.0 and 
Pacific Slope, 80.0 inches. The author 
(pp. 19-20) illustrates the extreme localization 


bean 
180-200 inches; 


Salama 


inches ; 
same 


of conditions governing rainfall by describing 
the meteorological phenomena over Lake Atitlan. 


There is not much to say about Sae- 
apulas itself; perhaps we should mention 


that Thomas Gage passed through it jus 


prior to 1648, on his journey to Guate 


mala from Mexico Gag 


* SaVS 


The town, though 
very rich, vet thers 
who trade about the 
Suchitipequez,!!_ wher 


and 


pula have 


cacao thereby some 
enriched 

people trade in pots and } 
there fit for 
principal merchandise 

the Vv 
that 


reason 


of an eart! 


8 Sait 


gather in th ing from the 


lieth near the ri he air is 


that the town standeth low and con 
passed with high hills on every side Besides 
many good fruits which ar dates 


as good as those that com 
Five days later, after Gage had ‘‘ wea 


Ll brought in 
- 


ried out the weariness which 
my bones from the Cuchumatanes’”’ 
continued on his journey to Guatemala 
City. 

Dona Eugenia allotted us 
with tile floors 


spread our bedding, and after we 


two rooms 
rough upon which to 
had 
dunnage, I interviewed 


He informed me that a 


arranged 
the mule man. 
saddle horse could make Huehuetenang 
in one day, but that with 
it would be preferable to sieep at Agua- 


our 


pack animals 


eatan, only six hours distant, slow rid 
After various other arrangements 
I set 


ing. 
had been coneluded, 
hour for four next morning and we all 
turned in. 

The next morning 


the breakfast 


April 2) all hands 
were roused shortly before: four, break 
fast was eaten, and to my astonishment 
and mules saddled 
ready. After the usual delays 
to packing on the first morning, we got 
A New 


1928 


horses were and 


incident 
English-America. 


1648,’ p. 177, 


T. Gage, ‘‘ The 
Survey of the West Indies, 
ed. 

11 The present name of a dep 
Pacific southwest of Lake 
Atitlan. 

i2T. 


. } 
irtment 


coast of Guatemala 


Gage, op. cit., p. 177. 
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off from Sacapulas at 7:15, crossed the 
Rio Negro on a _ substantial modern 
bridge, and turned westward towards 
Aguacatan, following the Rio Negro for 
a short distance only before crossing a 
ridge into the valley of the Rio Blanco. 
We crossed the Rio Blanco also by 
bridge at a small collection of ranchos, 
and immediately started a long and ex- 
tremely steep ascent—the Cuesta del 
Aguila. This ascent consumed more than 
an hour, as the animals had to be 
breathed at short intervals, and packs 
had to be adjusted several times. When 
we arrived at the top, an open, grassy 
meadow among pine and oak, a warm 
sun and a cool breeze invited us for a 
rest and lunch. As we had already been 
six hours on the road, traveling about 
two and a half to three miles an hour 
(except on the Cuesta), I supposed we 
must be at least near Aguacatan. 

After a forty-five-minute stop we 
continued, following along the top of a 
high and very steep-sided ridge from 
which we could see the Rio Negro on the 
south and the Rio Blanco on the north. 
The scenery was magnificent and the 
road suitable for wagons or automobiles, 
had they been able to get on it; unfortu- 
nately there was no connection at either 
end; the Cuesta del Aguila had offered 
difficulties even to the pack mules. 

The ridge we followed mounted higher 
and higher to roughly 5,500 feet; it led 
us to a flat-topped table-land, with occa- 
sional groves of pine and oak, but mostly 
open grass land. It was but a sparesly 
occupied region, however ; a few flocks of 
sheep were met with, fewer cattle and 
still fewer horses. The sheep were al- 
ways herded, often by small children, 
occasionally by a woman. On a particu- 
larly smooth and grassy plain called the 
Llano del Coyote we noted six small arti- 
ficial mounds crowning six widely sepa- 
rated rounded hills. A few houses on 
this plain, grouped near seepages of 
water, suggested that the lack of ranchos 


elsewhere might be due to a scarcit 
springs. The few houses we passe 
all rectangular, with tiled ro 
adobe walls plastered white, built 
platforms of earth (often with ret: 
walls of rock) and having a front 
supported by four wooden joists. 

Almost all of the houses were ac 
panied by crude corrals, and had 
them elevated, wooden platforms 
over with thatch; the latter were 8 
feet high and our guide informed us 1 
they were used as a storage pla 
corn on the cob in order to prot 
from rodents (probably field-mic 
ground-squirrels). 

It was now approaching three 0’ 
and our party had had enough for 
first day out; our guide assured us, as 
he had been doing all along, that Ag 
catan was ‘‘muy cerea.’’ Nothing n 
definite could we get out of him; si: 
arriving on top of the table-land, 
terrain sloped gradually down to 
northwesterly; in the blue distance ros 
the steep slopes of the Cuchumata 
Somewhere between us and them lay 1 
valley of the Rio Blanco, and in 
Aguacatan; but the valley was not 
ible. At the present gradient, we wou 
have to ride miles and miles to get to t 
bottom; this was most annoying to ¢ 
template as we jogged monotonously 
along at a slow trot, but I encouraged 
myself by saying that at any moment 
we would probably come to a sheer dro; 
and see Aguacatan™ lying directly be- 
neath us. 

Although the drop into the valley was 
not a sheer one, yet it was very preci] 
tous, and deeply dissected with ravines 
The pack-train slid and slithered dow 
the slope in great clouds of white dust 
plumped into a shallow river-bed full o! 
boulders, called the Rio Seco, and 
crossed a broad flood-plain to Agua 
eatan. In response to my enquiries at 

18 Elevation, according to Urrutia’s map, 
1924, 1,500 m. 
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the only inn, a boy was despatched for 
the owner, Senor don Gonzalo Rios, to 
whom I had a letter of introduction. 
Upon his arrival, he offered us the use of 
his unoccupied house just outside the 
town for the night, an offer we were glad 
to accept; so we rode through town and 
eame out on to an irrigated and culti- 
vated plain on the north side. It was a 
refreshing change from the 
through which we had been riding, and 
the little house. surrounded by irriga 
tion ditches and gardens, was in a real 
oasis. Less than a hundred yards away 
a great spring gushed from the foot of 
a hill: it was the source of the Rio San 
Juan, which is a stream flowing into the 
Rio Blanco. The spring measured more 
than twelve feet in diameter, and the icy 
water poured from it with a roar. 

It was 3:15 when we entered Agua- 
eatin; by the time we had unpacked 
the mules at Senor Rios’ house, it was all 
of an hour later. So after a hearty meal 
and a wash, we turned in at sundown. 
In these latitudes night falls quickly, 
with but a short twilight 
tween day and dark. By seven o’clock 
every one was asleep. 

The next morning we awoke refreshed, 
and having very definite information 
from Sefior Rios, an intelligent 
that a pack-train could reach Huehue- 
tenango in less than five hours, we ate a 
leisurely breakfast and then rode out to 
the ruins of Chalchitan, or Pueblo 
Nuevo. These are a collection of mounds 
arranged in the typical Maya formation 
—temple-pyramids grouped around 
plazas—lying on the valley floor about 
a mile east of town.’* Very little stone- 
work was visible; whatever may have 

14 Mapped by K. Sapper, ‘‘Das Nordliche 
Mittel-Amerika nebst einem Ausflug nach dem 
Hochland von Anahuac,’’ 1897; mentioned in 
F. 8. Cruz, Proceedings, Pan-American Science 
Cong., Vol. 1, Sec. 1, Anthrop., pp. 220-24, 
1917; A. and C. Villacorta, ‘‘ Arqueologia 
Guatemalteca,’’ Guatemala, 1927; Recinos, 
‘Monografia del departamento de Huehue- 
tenango,’’ pp. 166, 245 et seq., 1913. 


glare 


interval be- 


man, 


use 


existed probably had bee 
ing the modern town There 
ruins, not on the valley but o1 
called to-day Pueblo Viejo; 
to Recinos, Xolehun. The sa 
also mentions other ruins e¢alle 
which he served as a 


Suggests 
works for Chalchitan 

The 
belong to the Mam 


the language spoken in 


visit either of these sites ruins ; 


Said to division 
modern town 
is a special dialect known as Aguacateca 


We 


animals in front of th 


returned to town, met 


plaza on which it faces is 
trough, hollowed out of 
itan 

We bade good-bye to Sefior Rios with 
many thanks for his hospitality and pro 
road 
terday’s to Huehuetenango, 
arid 
scrubby oak and pine, with 


stone, said to come from Chale 


ceeded over a much better than ves 
traversing 


less eountry covered chiefly wit] 


lewer 
slopes and consequently rewe 
views. The journey took four 
three quarters, and we rode 
on anything but jaded beasts; 
we were relieved at not meeting auto 
mobiles, for our Sacapulas animals wer 
by no means used to them, and we were 
the Hotel 


Galvez thrown wide when they heard the 


glad to see the street doors of 


clatter of our animals on the cobbled 
We rode, 
ringing of iron 
through the front 


across the patio, and into the 


street. wit! a tremendous 


shoes on stone, right 
door of the hotel 
second 
court-yard. It is a more dramatic 

15 True of the ruins of Ta 
ment of the Petén (the church 
nearby town of Flores has a carved stela buil 


way 
Depart 


moder 


yasal in the 


into the north wall also tr of 

Utatlan, near modern Santa Cruz Quiché. 
16 A. Recinos, ‘‘ Monografia del d 

de Huehuetenango,’’ p. 248, 1913 
17 Karl Sapper, op. cit., 1925. 
8A. and C. Villacorta, ‘‘ Arque 


malteca,’’ p. 145, Guatemala, 1927. 


Oogia Guat 


249. It 
wide. 


19 Tilustrated in Recinos, op. cit., p. 
measures 1.12 meters high and 1 meter 


(Length not given, but less than 2 meters. 
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of entering a hotel than merely handing 
your bag to a liveried bell-hop. 

Huehuetenango is the capital of the 
department of the same name; it lies at 
the very foot of the Cuchumatanes at an 
elevation of 6,800 feet.*° Any one less 
hardy than the descendants of the Span- 
ish Conquistadores would build fire- 
places in the houses, for the nights are 
eold. As it is, the only way to keep 
warm before retiring is to drink a fiery 
liquid called comiteco; this is a superior 
brand of sugar rum made in Comitan, 
Mexico, and is affectionately referred to 
as alambique al alambre espigado—dis- 
tilled barbed wire. 

The proprietor of the hotel, Senor 
Rodolfo Apel, had already arranged for 
animals to replace those from Saca- 
pulas; so that beyond a few errands 
there was little to do. I called at the 
Jefatura Politica to present my creden- 
tials to the governor, Sefior Velazquez, 
and to receive from him a letter to the 
departmental authorities, both civil and 
military, ordering them to lend our 
party all assistance. Travel in this re- 
gion should not be undertaken without 
official identifying documents obtained 
locally. 

On April 5, therefore, we rose at five, 
breakfasted, and after loading and des- 
patching the mules, took a car to the 
neighboring town of Chiantla. 

This town lies about a league from 
the capital and at the very base of the 
Cuchumatanes. It is chiefly famous to- 
day for two annual fairs, at which there 
is a very large market for livestock, and 
a church housing the miraculous image 
of the Virgin of Candelaria. Gage men- 
tions this image as follows: ‘‘I had been 
informed of a strange picture of Our 
Lady which was amongst these moun- 
tains in a little town of Indians called 
Chiantla ... belonging unto Merce- 
narian friars, who doubtless would not 
be able to subsist in so poor a place had 
20 L. Griscom, op. cit., p. 418. 


they not invented that loadstone of 
picture of Mary, and cried it 
Recinos gives th 
lation of Chiantla as 2,000, and 
the whole municipio as 10,000.% 
Here our pack-animals joined 
had planned to see the miracuolus 
gin, but were unable to do so 


miraculous.’’™* 


ments to packs and saddles, w 
up the famed Ventoso Pass (cerca 1] 
000 feet) on the old road between Gy 
mala and Mexico. 
antla is roughly 5,000 feet, whic 
made in four and a 


The ascent from 
half hours t 


was excellent, though there were st 
stretches of loose 
the first two hours) and, near the 
mit, some passages too narrow for m 
trains going in opposite directions 


short, and owing to the winding 
of the trail (which permitted a view 
approaching pack-trains, of which 
were many), little time was lost. 
small village of huts, Las Cord 
was passed between Chiantla and 
summit ;-it exists as a resting-plac 
muleteers. The vista was most imp: 
Against the sky could be seer 
of voleanoes which 
along the Pacific border of the tal 
land from the Mexican boundary s 
to the Volean de Agua, towering a 
Antigua, Guatemala. 

Near the summit of the pass was 
cross; beyond this the notch through t 


and windy spot, with 
trees; beyond this gateway the la: 
scape opened onto rolling, grassy 


there with gently rounded, sparsely for 
These grassy plains wou 
21 T, Gage, op. cit., pp. 174-5; see also O. La 
Pub. No. 3, Middle Am. Res. Ser 


Tulane: New Orleans, 1931. 
22 A. Recinos, op. cit., p. 171. 
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have seemed to afford excellent pastur- 
ve, but we met with few sheep and still 
fewer eattle. I can only suggest the lack 
of utilization of this land for grazing 
purposes as due to a combination of 
three factors: a prolonged annual dry 
season, a Sparse population and no ade- 
mate communication with an outside 
market. The very occasional, window- 
less, mud-and-log huts scattered here 
and there only emphasized the primeval 
silence of these wind-swept mountain 
tone 

We stopped for lunch beyond the pass 
near an unoccupied hut, under whose lee 
we sought shelter from the bite of the 
wind, by now unpleasantly sharp. 
Masses of black thunder heads piling on 
us from the northeast, however, warned 
us that we had better try to reach a 
The 


trail, after crossing open, more or less 


lower altitude, so we pushed on. 


rolling, plains, soon entered a narrow 
valley lying between two long ridges 
stretching apparently endlessly to the 
north. Here the vegetation was pre- 
dominantly gnarled eedar, majestic cy- 
press and other evergreen trees, with a 
silvery-barked, gray-green deciduous 
tree resembling aspen; moss or lichen 
covered the ground or hung from the 
branches. In the metallic light reflected 
from the approaching storm-clouds our 
surroundings took on the appearance of 
Stage scenery rather than an actual 
landscape. At 2 o’clock the storm 
broke ; at first a chilling, drenching rain, 
but this soon turned to hailstones as 
large as pigeon-eggs. These were a re- 
lief from the rain, but the hail, increas- 
ing in intensity, soon beat upon us with 
such violence that it became painful to 
expose our hands holding the reins. In 
an ineredibly short time the ground was 
covered, and our progress was nearly 
halted because the hailstones balled up 
under the animal’s feet. The danger of 
a fall was therefore added to our other 
discomforts, so I dismounted and called 
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back that it would not only be safer and 
warmer to get off and walk, 
would better time Fort 


nately it was only a half hour 


but that we 


also make 


lurther t 
an abrupt drop into a long, narrow val 
to the littl 
Hail had 


and 


ley leading down 2,500 feet 
Indian town of Todos Santos 
not fallen 
rode along 
flowing between steep pine-clad slopes 
Primitive huts began to app« 

hand, usually perched in little hillsicdk 
clearings. None of these 
to be occupied and we marvelled why 


here, so we re-mounted 


beside a turbulent stream 


ar on either 
huts appeared 
any one would bother to build such very 
crude constructions, until our head a 


the information that 
during the 


; 


rvero volunteered 
they 
planting or 


During the rest 


were only occupied 


harvesting the 
year 


Todos 


crop. 
Indians reside in their 
Santos. 

We approached Todos Santos 
a winding lane, flanked on either side by 
The lane, 


cause of the stone walls, was reminiscent 


down 


high stone walls. perhaps be 
of a country road in New England, but 
here the ended, for the 
steep-sided spur stretching on 
from the 
sheer that 


resemblance 
right 


our 


main mountain-mass was so 
in many places it was pali 
saded; great talus slopes extended up 
the face of the cliffs It was eloquent 
explanation for the trails in this region 
running north and south, following the 


topography. I now understood clearly 


why all my suggestions that we plan our 
] 


‘cle bas k 


route so as to make a great e¢ir 
an em 
Parallel 
extending 


to Sacapulas invariably met wit! 
phatic ‘‘That is impossible!’’ 
these great 


the 
prevent all 


series of spurs 


northward from main mass of thi 
Cuchumatanes 
travel. 

Our reception in Todos 
royal one. As the thatched 


tered closer, the throb of a marimba be 


Cast-west 
Santos was a 
clus 


huts 


23 Elevation, 2,470 meters; population, 


A. Recinos, op. citl.. p. 187. 
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came increasingly audible; children 
scampered to the safety of their houses 
to view the foreigners as they passed; 
men and women peered through doors or 
sashless windows. When we entered the 
grassy plazuela, the marimba boomed 
from the porch of the municipalidad and 
it was evident that the more important 
men of the town had assembled to wel- 
come us. Nothing could have been more 
picturesque than this mountain-village 
square, with its thatched houses, cradled 
in the narrow valley, and the principales 
lined up in their extraordinary Todos 
Santos costume—loose homespun cotton 
trousers, white with broad red _ bands, 
worn under a split over-trouser of nat- 
ural black wool. Their capishays, or 
tunies, were also of natural black wool; 
the usual head-dress was a hand-made 
hat of straw, in some cases worn over a 
red headkerchief ; the latter was the only 
imported article of dress. 

Our cavaleade was officially met by 
don Luis Rivas, secretary of the Munici- 
palidad,** who presented us to the al- 
caldes and other principal men. The 
latter’s knowledge of Spanish was just 
sufficient to give us welcome in a sing- 
song falsetto; nevertheless the weleome 
was a cordial one, for we were the first 
visitors in a year and the first Euro- 
peans, probably, since La Farge and 
Byers®® seven years before. 

The school-house, a great cavern of a 
room adjoining the municipalidad, had 
been freshly strewn with pine needles 
in honor of our arrival, and thither we 
were led by the whole reception commit- 
tee, augmented by a great crowd of the 
curious. All of the villagers who were 
not absent at work on some finca®® on 

24 A Spanish-speaking secretary is appointed 
for towns predominantly Indian, where little or 
no Spanish is spoken. Such men are usually 
intelligent ladinos; among their duties is in- 
cluded that of liaison-officer between the com- 
munity and the central government. 

25 1927. 


26 Plantation. 


the coast, soon gathered in the 
watch us. This made unpacking 
of a problem and getting out 
damp clothes an impossibility. H 
ever, the whole atmosphere was 
friendly that it called for a dem 
tion of appreciation on our part 
asked don Luis to send out for 
ente. <A _ half-gallon carafe, pr 
cents, promptly made its appea 
accompanied by two or three sg 
glasses, somewhat chipped arow 
rim, and looking as though count| 
ings had more or less corroded t!} 
ner surfaces. At first | deemed 

to retain possession of the caraf; 


insuring each and every man one d 
and no more. This precaution was 
necessary, for the alcalde prime) 
sumed the role of master of cerem 
and saw to it that there were no r 
ers until all had been served. ‘T! 
mainder was then polished off by 
selves and the principales. Aguardi 
is a fiery beverage, but even so we w 
most grateful for our ration after 
rain and cold in the pass. 

Finally darkness began to fall and 
crowd dispersed. By  shooing 
urchins out of the room, sufficient 
vacy was vouchsafed us (aided by 
dim light in far corners) to slip int 
clothes. Don Luis informed us that su; 
per had been prepared in an adjoi 
house, and that he would be honored 
we would eat with him. The piece 
resistance was venison—a doe, shot 


day, to judge by the head and hide hang 


ing from a beam just beyond us. \ 
threw the bones to the dogs under 
table. 


Next morning, after a night on th 


school-house floor which required | 
only all our blankets but sweaters 
well, we climbed a spur to some rul 
about fifteen minutes’ walk from 
center of the village, and on the san 
side of the valley. As La Farge an 


Byers reported a collection of smal 
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nds near Todos Santos called Cu 
Vanchon, we supposed this to be the 
me ruin, calling it thus to some of th 
Indians who joined us at the ruins a 
‘tle later. They informed us, however, 
at Cu Manchén was on the other side 
‘the valley across the river, and that 
Tucumanecha.*” Only 
further would reveal 
which is correct; the plan of the ruin 
we visited is the same as that of the Cu 
Manchén ruin in the ‘‘ Year- 
bearer’s People.’’** | climbed to the 
tops of all the mounds before our Indian 
riends Mound A_ was 
erowned by a quemador—a place where 
neense is burnt—but I saw no remains 

the stucco figure in the round men- 
tioned in the work cited; no doubt it had 
disintegrated. Fortunately I had made 
my little reconnaissance before the In- 


his ruin was 


investigation 


shown 


joined us. 


dians came up, for one among them vol- 
unteered the information that any per- 
son climbing to the top of that particu- 
lar mound would die—a statement I in- 
terpreted as an oblique request not to 
ascend the mound, and one which I felt 
would be untactful to disregard in their 
presence. There was also a small altar 
in the plaza by this mound which showed 
the ash and charcoal of freshly burnt 
wood and recently picked offerings of 
flowers. 

We then returned to town, meeting as 
we did so, a procession carrying a saint. 
Musie was supplied by a tunkul,?® fife 
and violin. The procession proceeded 
to the ruins and there we were told 
prayers would be offered for rain. 

After a noon lunch we got off for San 
Martin Cuchumatan, four and a half 
hours’ journey distant. The trail had 
now expanded into a fine lane winding 
down the broadening valley. The great 

27 A. Recinos, op. cit., 187, refers to ruins 
south of Todos Santos under the name Tecum- 
Manchu (House of Tecum). 

280. La Farge and D. Byers, op. cit., fig. 74, 
a, b, p. 238. 

29 Native drum made from a hollowed log. 
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smoke from milpa burnings 
looking down on the hot : 
State of Cl lapas, Mexico, 
forming the base of tl! 
Yucatan. 
gion that was extensive 


Our road ran 


even extremely 
put under cultivation by an 


steep slo 
dense population. As we ¢ 
temperature 
became more lush 

About four-thirty we drew into 
little settlement of 
matan; Recinos 
400, counting both Indians and Ladinos 
1860 


and tl 


rose 


San Martin Cuchu 


gives 11S population as 


and its elevation as meters, com 
pared with 2470 meters at Todos Santos 
There tr 
tive about 
even the 

date 1784, 
the grassy common in front of it 
cafetal 


particularly 


except 
I 


was nothing 


this town 
church, whose be! 
was almost in 
and 
hidden in a Was a good-sized 
Maya mound. 
the north of 
group of mounds called Tilajyon 
reported in the ‘‘Year-Bearer’s Peo 
ple.’ We did not visit the site 

The alcalde, Raimundo Herrera, gave 
le 


night’s lodg 


+ 


On a spur about a mile to 


the munic pal dad is a 


1] } 
l ana 


us the school-room for our 
Next morning when we were pack 


ing. 


ing to leave, he drew our attention to 


some empty tins which we were leaving 


behind; when we said we did not want 
them, he immediately asked if he could 
take them, to use as cups. I mention the 
incident to little contact 


indicate how 


»A milpa is a clearing in the for for 
planting corn; it is burned to destroy the felled 
timber before planting. 

31 A. Recinos, op. cit., p. 185. 

82 Coffee plantation. 

33 OQ. La Farge and D. Byers, o 
232-3. Map, 233. 
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this region has with the industrial world 
with which we are familiar. 

After a much warmer night than we 
passed at the higher elevation of Todos 
Santos, we breakfasted at six and set 
off for Jacaltenango by way of Con- 
cepcidn ; we did not visit the latter town, 
as it is located on a spur off the main 
road. The journey was only four hours, 
35 minutes, all down grade, the road 
crossing but one divide, from the drain- 
age of the Rio Chanjon to that of the 
Rio Azul. The country was much more 
open and rolling, affording magnificent 
views. The rise in temperature as we 
approached Jacaltenango (altitude 
1,400 meters)** was noticeable, as was 
the complete deforestation of the land. 
Recinos gives Jacaltenango an estimated 
population of 4,000. La Farge and 
Byers describe the inhabitants as ‘‘ob- 
viously of mixed origin ; some of the In- 
dians have light brown hair and blue 
eyes; the Indian cast of their faces is 
weakened by European blood. The very 
strongly mixed type among the men 
tends to be gangling in build and shifty- 
looking.’’ Their costume is usually 
home-made trousers and shirt of Euro- 
pean type; the costume of the women, 
a white cotton blouse, or huipil, with 
embroidery around the neck, worn out- 
side the skirt, is fundamentally Indian. 
Their skirts, a plaid design on a blue or 
red background, are made in Quezal- 
tenango; like other Indian skirts, they 
consist of a single piece of material 
wrapped tightly about the hips, and 
held in place either by a woven belt or 
by the loose corner being tucked under. 
The clothes of both the men and the wo- 
men we saw were for the most part 
ragged.*° 

Jacaltenango itself impresses one as a 
slovenly, sprawling town without any 
of the neatness or picturesqueness so 
often characteristic of an Indian pueblo. 

34 A, Recinos, op. cit., p. 195. 
85 Perhaps we should add that the world-wide 
depression has its effect here as elsewhere. 


Both the pole-walls of the thatched 
and the pole-fences surrounding 
were in a state of bad repair. (hj 
were often seen without a stitch to 
them and many in a state no clea) 
than the animals living with them. ; 
dogs were scrawny and mangy. 1| 
dirt streets through which we rode y 
full of rocks and uncared for, wit! 
any attempt at drainage. One felt + 
they would have been full of refys 
were it not for an efficient scavenger 
department formed by dogs, pigs a 
buzzards. At the far end of town y 
reached the plaza, more like a 
common, on which faced the churc! 
juzgado municipal, the  school-hoys 
and several better-class houses: 
there was nothing about it reminise 
of the usual Latin-America plaza, 
generally shows at least an attempt at 
formalization — fountain, — band-sta: 
flowers, benches. Here there was 1 
ing but a big, grassy square wit 
even the indication of streets or s 
walks. 

We stopped in front of the m 
palidad, and I dismounted to pres 
my letters from the jefe politico. B 
fore I entered I was careful to have m 
coat on, my hat off, and to tie my ma 
chete to the saddle, for one may not ; 
sent oneself with arms of any descrip- 
tion. The secretario greeted me cord 
ally, but while I was talking to him, | 
felt something tugging at my foot; a 
alguazu** was removing my spur. Quite 
at a loss to know just what this meant 
whether it was a custom of courtesy « 
their part or an infraction of etiquett 
on mine—I continued the conversation 
When the alguazil had removed 
spur, I presented my other foot; w! 
he had removed both spurs, he pick 
up his stave of office, crossed the r 
and deposited the spurs on the alcalde’s 
desk; I then realized that there would 
be a fine for their return. However, !' 

36 Employé of the municipality, serving | 
rotation. 
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1id not seem to be an opportune time to 
By virtue of the let- 
usual, the 
were des- 


make any protest. 
ter we were assigned, as 
school-house, and alguazils 
patched to see that our needs were sup- 
p ied, in the way of firewood for cook- 
ing and fodder for the animals. During 
the process of unpacking, I forgot about 
the spurs, and after lunch the sudden 
hange to this lower altitude, sent us all 
to our bedding rolls for a siesta. I was 
led from this later by an alguazil’s 
informing me that the alcalde wished to 
see me. I then remembered the spurs, 
and prepared myself to pay a small fine 
with the best grace possible for my un- 
witting misdemeanor. But I was not 
repared for what took place; in the 


i 


| 
presence of the alcalde and another offi- 


‘ial, the secretario, obviously under 
orders, read me a long lecture on the 
lack of respect I had shown duly-con- 
stituted authority. Although this made 
my gorge rise, I refrained from com- 
ment until a pause in the secretario’s 
speech; then I respectfully drew their 
attention to the fact that I had put on 
my jacket, removed my hat, and left my 
machete before entering, and that my 
failure to remove my spurs was due 
entirely to my ignorance of such a re- 
quirement, and not to any intentional 
slight on my part. The spurs were then 
returned to me without fine—‘in view 
of the letter which I bore from the jefe 
politico.”” Jacaltenango gave us the 
only unfriendly reception that we were 
to receive during our journey; even the 
forage and firewood was supplied 
grudgingly, although the price asked, 
and paid, was more than the regular 
one. 

Next morning we were up before dawn 
and glad to shake the dust of this in- 
hospitable town from our feet. We had 
now reached our furthest north, and 
from here our road led us back by a dif- 
ferent route to MHuehuetenango; it 
would take us westerly across spur 


Antonio Huista, and 
thence across more spurs to San Pedro 
Necta, on the Rio Nilla, 
confluence with the Rio 
latter stream arises in the 
Huehuetenango. However, the trail did 
not follow up the Selegua Valley, but 
out across boldly mountainous country 
through Santiago Chimaltenango, 
Juan Atitlan, Santa Isabel and 
Sebastian, approaching Huehuet: 
from the northwest. 


ranges to San 


just above its 
Selegua : 


environs ol 


san 
San 


hnaneo 


Upon leaving Jacaltenango the road 
immediately started the 
steep ridge, dropping just as suddenly 
into the neat pueblo of 
Huista. Here in a pic 


cobbled plaza a 


‘ 


ascent Ol a 


from the crest 
San Antonio 
turesque and anciently 
full swing: 


our 


eolorful market was in 


cavaleade turned into it, and yurse 
the pack-mules followed. A _ s 
from the comandancia immediately pre- 


guide Eugenio 


of e 
rgeant 
sented himself and our 
whispered to me: ‘‘We cannot let the 
animals stand here.’’ As we had at- 
tracted a good deal of attention, he ad- 
vised me showing my letter. The others 
being only too willing to delay in the 
market, I dismounted and fished out the 
letter; although the sergeant was more 
than civil, I had a 
that five foreigners at 
pletely paralyzed his mental processes 


distinct impression 


once had com 
Unable to cope with what was no situa- 
tion at all, and unable to read (for a 
young recruit in his ‘teens had been 
summoned to read haltingly the con- 
tents of the letter). he decided that 
nothing would meet the occasion short 
of sending for the comandante militar. 
As it was only nine o’clock of a Sunday 
morning, the comandante was no doubt 
leisurely arising; but sent for he had to 
be. Ruth Reeves began sketching and 
was promptly surrounded by a gaping 
multitude ; my wife and Honor Spingarn 
were lost among the fruits and textiles 
in the market; a plot back of the com- 
andancia was assigned to us to park our 
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animals, while I sat on the corredor*’ 
of the comandancia chatting with the 
sergeant. I felt that just so long as I 
made no attempt to leave, the sergeant 
was reassured of my legitimate right to 
be alive and at large. The comandante 
then arrived, in trig military uniform, 
and immediately offered us any assis- 
tance of which we stood in need; when 
we assured him that we were merely 
‘*de paseo’’ he stamped our letter and 
bade us a most cordial God-speed. 

Knowing that prolonged delays with 
a pack-train are fatal, I tried to get 
every one under way immediately. But 
Eugenio had gone off to buy bread, and 
the others were lost in the beauties of 
the plaza market. So I pushed on 
ahead, telling everybody to hurry. In 
half an hour the outfit caught up; we 
crossed the River Huista on a covered 
bridge and then followed the sparkling 
little river upstream; at noon we un- 
loaded and picnicked on its banks, taking 
a swim in its none-too-warm waters. 
The vegetation was open forest, mostly 
oak, with grass beneath; on the higher 
slopes, pines. After lunch, the trail led 
first up and then down over a series of 
razor-back ridges, with extremely steep 
gradients; about 3:30 p.m. these ridges 
gave place to very steep, broken moun- 
tains; at 4:30 we dropped into a cup- 
shaped valley. Here we passed a tum- 
ble-down rancho and I asked the man 
sitting on the corredor if he could sell 
us fodder for the animals; he had none, 
nor did he or our guide know how much 
further it was to Chichim, where we had 
planned to spend the night. I was 
tempted to stop, as it was late, but after 
a consultation, pushed on, chiefly be- 
cause there was no fodder and not a 
level ell of ground on which to spread 
our bed-rolls. The country was so well- 
watered that I felt sure we could find a 
good camping place ahead. 

But the trail led on to a great ridge 
with no streams, no single level spot, no 
87 Porch. 


grass for the animals, and no |} 
We rode along this ridge, marveling 
the scenery (and where the ridg 
going to lead us), until 5:30, when , 
came upon two old grass-thatched Jeay. 
tos with ashes from cooking fires 
front of them; and here I annow 
that, water or no water, we would s; 
the night, as darkness would soon 
Examination revealed huts ; 
too far down the side of a valley o 
right, so I sent Eugenio to investiga: 
he reported water and a pasture be! 
ing to a finca, but there was no may 
domo to give us permission to ent 
However, we rode down; the India 
mozos would not sell 
one said we could not stay without pe 
mission, but by this time the packs y 
off and we were all scrambling to fi 
the levellest spots on which to spr 
our bedding-rolls. 
dead wood and threw together a hast 
supper; the mayordomo then arri\ 
and proved most amiable over a cu; 
He said the finca was cal! 
Ixnul, and that we were very welcon 
but please to stake out the animals 
they get into his foot-high corn. 
darkness fell, we found ourselves |! 
ing down into a fairy bowl! with a my 
fires; this was the season for bu: 
Long ragged lines of fir 
burned slowly up the slopes, looking 
like gigantic glow-worms; smoldering 
stumps dotted the landscape here a: 
there with a dull glow, and occasiona 
a dead tree, burnt through at the bas 
would fall with a reverberating cras! 
and a galaxy of sparks. 
after dark we were all sound asleep. 
The chill at this high altitude arous 
us before dawn; we breakfasted at th: 
first light, and started over a much nar 
rower and rockier trail, 


38In Guatemala, corn is cultivated by 
milpa system; land is cleared at the beginning 
of the dry season, the felled bush allowed to dr 
until just before the rains, when it is burnt, and 
the seed planted. 
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per grades than the day before. As 


stee 


we proceeded, more or less to the south- 
erly, each valley became increasingly 


arid. The mountains, although just as 
high and steep, exhibited fewer rocky 
crags: the long, often palisaded, ridges 
of the Todos Santos region 
placed by a tumbled terrain—hills jum- 
bled every which way rather than in 
long parallel rows. Before we com- 
pleted the ascent to the height of the 
pass the road ran through majestic 
groves of enormous ciprés.**° Judging 
by the size of these trees, the 
forest-floor and the presence of an- 
ciently fallen trunks of the same size, I 
assumed that these now scattered groves 
were remnants of a primeval forest 
which had once covered these slopes. If 
my memory serves me correctly, such 
groves only occurred on the northerly 
slopes, presumably because it would be 
on them that the greatest precipitation 
fell. The countryside, though large 
areas had been deforested for milpas, 
was by no means thickly populated. 
Once through the the road 
dropped precipitously, through scraggy, 
second-growth oak for the most part, 
into the Selegua drainage. For a long 
time during this descent, we could see 
the town of San Pedro Necta almost di- 
rectly beneath us; the final descent to it 
was by far the narrowest and steepest we 
had yet encountered, the animals swing- 
ing head and neck over precipitous slopes 
at every zigzag. On the opposite side of 
the valley was a great half-dome pre- 
senting to our view a true precipice at 
least a thousand feet high. As I noted 
afterwards from below, the road here 
followed down one side of a hanging 
valley that debouched above the valley 
of the Rio Nilla.*° 
At noon we arrived on the outskirts 
of San Pedro Necta, clattering over the 
old Spanish cobbles direct to the mu- 
micipalidad, closed, of course, for the 
8° Our guide called these trees ciprés, cypress. 
40 A confluent of the Selegua. 


were re- 


mossy 


pass 


noon hour. Everywhere we saw neatl) 
painted stone-and-plaster houses, with 
fat and well-cared for dogs asleep in tl 

doorways or barking a friendly wel 
Within a few minutes of unload- 
alcalde ar- 


**Senor, en que 


come, 
ing our packs the prime? 
rived, with a courteous 
puedo servirle?’’ In five minutes he 


had 


ordered the school-room swept out, and 


sent for a pint of aguardiente, 
sent off a boy with instructions to a 
private house to prepare us luncheon 
After the first aguardiente, he sent for 
the comandante, because, as I found out 
later, the was not 
enough then 
unoccupied room in the comandane 
with a pila** and a latrine. Our 
fort was complete; when wi 
moned to lunch, we 
Heraclio Rodriguez, 
and Senor F. Lizardo Diaz, secr 
municipal, with assurances of our 


school room rood 


for uS;: we were given an 
com 
were sum 
parted from Colonel 
the comandante, 
grati- 
tude and a promise to accompany them 
town which the 
day before for 


to some ruins above the 
latter had just visited the 
the first time. 

A delicious lunch in four courses was 
no preparation for a climb to the ruins; 
we managed to however, 
about 
seemed, although we 
mals for eight hours over similar grades 


Stagger up, 


four o’elock—a terriffic climb it 


daily rode our ani- 
The ruins consisted of a single plaza on 
a spur, built up from 5 to 7 feet on the 
northerly side with a slab-stone retain- 
ing wall, to make it level. (Fig. 2.) 
The highest of the seven mounds com 
prising the group still stood about six 
feet; most of them showed stone side- 
walls, of flat like the 
wali, laid up without 
faced. Sherds occurred in the cornfield 
planted there. (Plan, Fig. 2. 

The secretario told me that the ruin 
was called Tepam—undoubtedly a cor- 
ruption of the Nahuatl Tecpan—and 
volunteered the following history: its 
original name was Tecpan Usumacinta 

41 Water tank. 
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and its original site was further down- 
stream; the inhabitants belonged to the 
Mam division of the Maya ‘stock, and 
had been driven back to this location by 
an Aztee invasion; the invaders settled 
on another spur across the river. When 
the modern town was settled, the half 
lying on this side of the river was called 
San Pedro Necta and was Mam; that on 
the other side was called Santo Domingo 
Usumacinta and was Aztec. Finally the 
two settlements united in building one 
church and to-day it is one town. Such 
a history should be susceptible of arche- 
ological proof. 

After examining the ruins we liter- 
ally slid back to town; the comandante 
graciously showed us some excellent 
decorative panels done by his son in oil, 
and at the invitation of the three town 
officials we repaired to a tiny cantina 
for aguardiente and lemon juice. The 
drinks were served by a fine-looking 


woman; one knew instinctively that , 
glasses would not only be clean. by: 
polished. 

Next morning, April 10th, we 
ingly paid the two dollars and fifty 
asked for three delicious meals for | 
people and regretfully left this fri 
town for our last night before retur 
to Huehuetenango. The road her 
an excellent one, suitable for wag 
were it not for occasional ascents , 
descents and fords not 
wheeled vehicles; the country its 
though mountainous, was less ; 
than that over which we had com 
hills more rounded. It was also m 
arid, and, although the altitude vay 
between 4,500 to 5,500 feet, it was 1 
hotter; perhaps the increase in heat 
the more noted on account of our 
scent from higher altitudes, as wel] 
the lack of shade, for the territory 
practically deforested. It is dens 
populated and everywhere cultivat 
I noted that many Indian ranchitos 
a grove of pines planted near them, 
a cireular formation. Although 
planting of pines is in itself easily ex 
plained on economie grounds, I ki 
no explanation for planting them 
circles, 

Our road led us through Santiag 
Chimaltenango, an unkempt mount 
village perched on a spur at an eleva 
tion of 2,800 meters,*? and then Sa 
Juan Atitan.*® Agriculture, some lum 
bering, (of course without benefit 
sawmills, all planks being sawed by 
hand) and sheep-raising seemed to b 
the occupations of these remote villages 
Since there was nothing of interest 
detain us, we continued to Santa Isab: 
the smallest municipio in the depart 
ment.** 

42. A. Recinos, op. cit., p. 179. 
1,500 (Indians). 

43 Ibid., p. 177. Recinos gives ‘‘Atitan’’ 
Urrutia’s map, ‘‘Atitlan.’’ My diary ‘‘ A! 
tan.’’ Population, 2,500. 

44 Tbid., p. 177, 12 sq. kilometers. Tempera 
ture varies from 10-18 degrees Cent., depending 
on elevation. 
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Its small grassy square was sur- 
rounded on three sides by very di- 
lapidated stone-and-mortar buildings, 
thatch-roofed; one of these was all that 
remained of a small church, still in use, 
however; another was a long building 
containing several rooms, used as the 
municipalidad and the The 
third side was open to a view of the 
valley. The secretario, a ladino, could 
speak Spanish ; upon presentation of my 
letter, he translated it into Mam (I sup- 
pose) to the alcalde, a dour-looking 
Indian dressed, as were the other 
mayores, in a natural black wool capi- 
shay and red head-dress. We were 
assigned to the school-room, and a fee— 
eight cents—demanded for its rental.‘ 
An alguacil was despatched to sweep it 
out; this he did with a leafy branch; 
seven more men were despatched to 
bring in as many bundles of cornstalks 
for our animals, at eight cents the 
bundle. As I was running low in 
change, I tried to pay them with two 
quarters and six pennies, but this they 
refused to accept as there was no change 
in the village; so I borrowed enough 
pennies from the rest of our party to 
make seven piles of exactly eight cents 
each. We cooked our dinner over three 
cents’ worth of wood, and sent heaping 
plates to the secretario and the alcalde; 
they had courteously declined our invi- 
tation to eat with us. After supper the 
eold drove us to our bedding rolls early ; 
in fact, it got us chattering out of bed 
before dawn to make hot coffee and get 
under way by sun-up. 

This was the last day of our trip; the 


45 Total expenditures since leaving Sacapulas, 
not counting mule hire, for our party up to this 
point had been less than $15.00. This was car- 
ried in denominations of not over 25 cents. 


school. 





trail led through San Sabastian, whose 
ancient Mam name Recinos tells us was 
Toy-hoz*°—‘‘among the 
town re-founded on its present site in 
1891 following a destructive flood of th« 
Although it is 
automobile road, down 
vented our cars from meeting us here 
We had telegraphed for them to meet us 
further along the road, at a place called 
Chancol. Nothing affords more unin- 
teresting riding than a highway suitable 
for automobiles; this stretching 
endlessly under a blazing sun, was no 
exception. It followed the valley of the 
Selegua through country 
burnt brown by the drouth of the ‘‘dry 
season.”” A Maya plaza 
rounded by mounds, between two and 
one half and three miles out of Chancol, 


aguacates, a 


Selegua. located on an 


bridges pre 


one, 


dusty 


dry, 


small sur- 


was the only object of interest that we 
passed. 

We reached Chancol at 11:30, but no 
cars awaited us. So we continued. At 
12:10 the mid-day heat was scorching 
caustic remarks had just been 
made about the sacredness of appoint- 
ments in Central America when we 
heard an automobile horn and 
nearly run down by one of our cars; the 
ears had been held up by repairs to the 
road where it passed through a defile. 
We piled off the animals, flung our 
saddle-bags in the car, and sped on our 
way (at 15 miles per hour) leaving the 
truck to await the pack-mules. We had 
been nine*’? days on horseback and had 
covered approximately 100 


Sc yme 


were 


miles (as 


the crow flies) through a most pic- 
turesque and seldom-visited mountain 
region. 


46 A. Recinos, op. cit., p. 176. 
47 April 2nd to llth, 1934, inclusive. 
day spent in Huehuetenango. ) 
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BASIC PRINCIPLES OF THE NEW MECHANICS 


By Dr. G. GAMOW 


PROFESSOR OF THEORETICAL PHYSICS, GEORGE WASHINGTON UNIVERSITY 


THE proposition that any moving ma- 
terial particle occupies in any given mo- 
ment of time a definite position in space, 
and that these positions form a continu- 
ous line known as trajectory was always 
considered as self-evident, and formed 
the fundamental basis for the mechani- 
cal description of the motion of mate- 
rial bodies. The distance between two 
locations of a given object at differ- 
ent times, divided by the correspond- 
ing time-interval, was leading to the 
definition of its velocity, and on these 
two notions of location and velocity, all 
classical mechanics was built. It prob- 
ably never even occurred to any physicist 
or philosopher that these most funda- 
mental notions used in the description of 
the outside world can be to any extent 
incorrect, and it was customary to con- 
sider them as given ‘‘a priori’’ (what- 
ever this expression might mean). 

However, the application of classical 
mechanics based on this simple kinematic 
notion, to the study of the motion of the 
minute particles, such as electrons, tak- 
ing place within the miniature atomic 
systems, was gradually leading to the 
conclusion that something must be wrong 
with this old and renowned system. It 
was also becoming clear that the failure 
of classical mechanics to describe prop- 
erly the processes of intra-atomic motion 
could not be avoided by some simple 
changes of its basic equations and that it 
was actually its fundamental principles 
which were failing within the atoms. The 
simple kinematic notions of location, 
velocity and trajectory of motion, con- 
structed by us on the basis of everyday 
observations, turned out to be too rough 
when applied to the extremely small par- 


9 
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ticles which we have to handle in atoy 
physics. But if these general notions ar 
no good at all for the intra-atomie wor|d 
they also could not be absolutely corr: 
in the case of motion of larger bodies 
Thus we are being led to the conelys 
that the principles underlying th: 
sical mechanics must be considered 

as some very good approximations to th; 
‘‘real thing,’’ approximations wh 
bad!y fail as soon as we turn to the sys. 
tems more delicate than those for w! 
they were originally intended. 


THE [pea or MintMAL ACTION IN Mopery 
Puysics 

The essentially new element which was 
brought into physics by the study 
atomic phenomena consists in the « 
tence of a certain minimum for all ; 
sible interactions between different ph ys- 
ical systems. It was first indicated by 
Max Planck in 1900 that no consistent 
theory of radiation is possible unless we 
accept that the radiative energy is 
emitted by material bodies only in a form 
of certain portions or quanta of energ) 
The amount of energy contained in ea 
of these radiative-quanta (or the light- 
quanta) is proportional to the emissio. 
frequency and can be written in the 
form : 

he 
Eraaiation = hv =— 
d 
where h is the famous constant of Planck 
(= 6,547 x 10-7 erg. sec.), v is the fre 
quency and 4 the wave-length. 

It was later shown by Albert Einste 
that the phenomenon of photo effect, i 
which the kinetic energy of emitt 
photo-electrons depends only on the fre- 
quency but not on the intensity of the 
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mination, gives an excellent proof of 
the validity of Planck’s hypothesis ex- 
tended to the radiation as it propagates 
freely through the space. In fact, the 
lassical physics would lead us to the 
conclusion that the less intensive light 
must also give less energy to the elec- 
trons knocked out from material bodies. 
But, if the radiative energy is always 
coneentrated in certain elementary por- 
tions, depending only on the frequency, 
the decrease of the intensity of light will 
cause only the decrease of the total num- 
ber of photo-electrons, but not of the 
energy of each one of them. 

Still later the experiments of Arthur 
H. Compton have also shown that, in its 
interaction with the free electrons, the 
light behaves as if it was formed of a 
number of separate energy-packages 
amounting to Av erg each. 

Parallel with this progress of the quan- 
tum point of view in the problems of 
radiation, there was developing a very 
analogous situation in the case of purely 
mechanical systems. It was first indi- 
eated by Niels Bohr in 1913 that the sta- 
bility of electronic motion within an 
atom and the discreteness of atomic spec- 
tra could be understood only on the basis 
of a hypothesis that the mechanical en- 
ergy of atoms could accept only a certain 
discrete set of numerical values. This 
hypothesis was strongly supported by 
the beautiful experiments of J. Franck 
and P. Hertz, who have shown that the 
bombardment with the fast electrons can 
produce any sensible changes in the bom- 
barded atoms, then and only then when 
the energy of electrons reaches certain 
well-defined values. The formula defin- 
ing the quantum of energy of mechanical 
systems is more complicated than in the 
case of radiation, and depends on the 
particular structure of the system in 
question. One can say, however, that 
the order of magnitude of these mechan- 
ical energy-portions is very well repre- 
sented by the expression. 


E 


where m is the mass of the moving par- 
ticle and / the geometrical 
We see that whereas in 


dimensions 
of the system. 
the case of radiation the quantum of en- 
ergy decreases with the increasing wave- 
length of emitted light (formula 1), the 
quantum of mechanical energy decreases 
with the square of the dimensions of the 
system. 

It must be specially stated here that 
the both above Given erpressions for the 
minimum amount of radiative and me- 
chanical ene rgu s do not re present the 
results of some special theory, but can be 
considered as derived directly from the 
experimental evidence of modern atomic 
This 


ergy, leading to a certain lower limit for 


physics. notion of minimum en- 
all possible physical interactions, repre- 
sents something absolutely new and un- 
known to classical physics. Therefore, 
revising the principles of the 
system in its application to atomic world, 


classical 


we must, as it was first done by Werner 


Heisenberg, question the consistency of 
the old kinematic notions with the new 
ideas concerning the lower limits of any 
physical interaction. 


CRITICISM OF THE CLASSICAL NOTION OF A 
TRAJECTORY 


Let us see first of all how the funda- 
mental notion of the trajectory of a mov- 
ing particle is being formed in the old 
mechanics. The analysis of such a kind 
can hardly be found in any book on clas- 
sical mechanics for the apparent reason 
that, before the quantum crisis arose, the 
notion of the trajectory was always con 
sidered as self-evident and nobody really 
eared to go deeper into its definition. 
We would normally say that we form 
this notion by observing the motions of 
the particle in question and that we can 
directly see the line along which our par- 
ticle is moving. But seeing involves the 
illumination of the moving object, and 
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we must be careful not to disturb the 
motion by the light falling on it. We 
know in fact that there is such a thing as 
the light-pressure, and the light reflected 
from the surface of the object will cause 
certain minute perturbations of its mo- 
tion. Of course, in all practical cases the 
light-pressure is negligibly small. How- 
ever, we are not discussing here the prac- 
tical estimate of the trajectory but its 
validity as the absolute and fundamental 
notion of mechanics; in such eases noth- 
ing can be neglected and even the small- 
est disturbances must be carefully taken 
into account. 

In classical physics, however, we can 
safely eliminate the disturbing effect of 
the illumination by reducing the intensity 
of light as much as we need to. In fact, 
the classical physics sets no limits for the 
amount of light-energy which can be re- 
flected by a material body, and any 
amount of this energy, however small, is 
considered to be theoretically measur- 
able by physical apparatus. We can use, 
for example, the following schematic 








~~ 




















FIG. 1. AN IMAGINARY ARRANGEMENT 
DESIGNED TO ILLUSTRATE HEISENBERG ’S CRITICISM 
OF THE CLASSICAL NOTION OF TRAJECTORY. THE 
MOTION OF A MATERIAL PARTICLE AS SEEN AT TEN 
SUCCESSIVE ILLUMINATIONS. 


procedure: Suppose we want ‘‘fo 

the trajectory of a small stone throw 
originally in a horizontal directio) 
falling down under the forces of gra) 
To reduce as much as possible the dis. 
turbing effect of light-pressure, we 
decide to illuminate the chamber in w) 
the stone is moving only at those 
ments at which the observations o{ 
location are actually being made. 

Thus we can flash the lamp, let us sa) 
ten times during the fall, observing ; 
different locations. The intensity of ¢) 
lamp and the period of illumi) 
should be chosen sufficiently smal! 
make the total disturbance due to t! 
light-pressure as small as we want 
be; as we have seen, the classical phys 
set no theoretical limits in this direct 
But ten points is not the trajectory, and 
to arrive at the notion of a continnons 
line as used in classical mechanics 
must be able to increase the number of 
the observed points without any limit 
This can be also done, in principle, with- 
out increasing the distortion of the mo- 
tion, by decreasing the brightness of t! 
lamp parallel with the increasing num 
ber of separate flashes. Thus, going t 
the limit of infinitely large number 
observations, and infinitely small inten- 
sity of illumination, we can finally ar 
rive, theoretically, at the strict notion of 
a mathematical line representing the tra- 
jectory of motion. 

There is one more point to be taken 
eare of. It is well known from the prin- 
ciples of optics that the image formed by 
light reflected from a small body 
never be made smaller than the wave- 
length of the light used. Thus, if w 
really want to get a mathematical line 
(provided we study the motion of a ‘‘ma- 
terial point’’) and not a more or less 
broad indefinite band, we have to use 
very short wave-lengths. Here again n 
hindrances are set forth by classical 
physics, as it recognizes the existence of 
arbitrarily short waves of arbitrarily 


a 





low 
decre: 
jncreé 
quenc 
jector 
All 
to the 
silly 
But, 
‘emp 
tory-! 
whicl 
are nl 
know 
have 
can e 
porti 
highe 
energ¢ 
Thus 
whic! 
objec 
of en 
the o 
Of ¢ 
light 
of th 
ever, 
cons¢ 
ness 
avo 
valid 
ean | 
optic 
TI 
tem] 
for « 
mini 
ing’ 
spac 
tion 
ratu 
give 
ing 
simt 
mig’ 
of tl] 
Her 
met! 

















low intensities. All we have to do is to 
decrease the amplitude of light waves, 
increasing at the same time their fre- 
quency, and we shall have our line-tra- 
ectory ‘*directly seen’’! 

" All this analysis might seem very silly 
to the reader, and it probably would be 
silly if the classical physics were correct. 
But, as it is not difficult to notice, this 
“empirical construction of the trajec- 
tory-notion’’ contains the requirements 
which, being natural for classical theory, 
are not possible in the light of our new 
knowledge on quantum-phenomena. We 
have seen in fact that the light energy 
ean exist only in form of certain definite 
portions, or light-quanta, and that the 
higher the frequency, the larger is the 
energy contained in each such portion. 
Thus the minimum amount of light 
which can be reflected from the moving 
object to make it visible is one quantum 
of energy, and the kick which it gives to 
the object can not be reduced any more. 
Of course, decreasing the frequency of 
light we can decrease the energy-content 
of the light-quanta; this will lead, how- 
ever, to the increasing wave-length and 
consequently to the increasing ‘‘thick- 
ness of the trajectory’’ which we want to 
avoid. We see that, quantum-laws being 
valid, the exact notion of the trajectory 
ean not be formed as the limiting case of 
optical observation. 

The second method which we could at- 
tempt is the mechanical one. We can, 
for example, prepare a large number of 
miniature mechanical ‘‘shock-register- 
ing’’ apparatus, and spread them in the 
space through which the object in ques- 
tion will be moving. Those of the appa- 
ratus which have registered a shock will 
give us the idea of the track of the mov- 
ing object, and increasing their number 
simultaneously decreasing their size we 
might arrive again at the limiting notion 
of the trajectory as a mathematical line. 
Here, however, just as in the optical 
method, the laws of quantum-physics 
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prohibit us from arriving at the finite re- 
According to the Bohr’s quantum 
energy re- 


sult. 
conditions 
quired by such mechanical apparatus to 
increase with 


(formula 2), the 


‘*register the shock’’ will 
their decreasing dimensions. Very small 
apparatus of this type will either not 
register the shock at all or take too much 
energy from the moving object. Thus 
we see that the mechanical method leads 
to the same result as the above-described 
optical one, and, as far as the quantum 
laws hold, there is no way to come to the 
logical definition of a trajectory as a 
mathematical line. The best we can do 
is to represent the track of motion by a 
more or less spread-out band, the thick- 
ness of which is defined by the value of 
the quantum constant ‘‘h.’’ It must be 
clear, of course, that, because of the small 
numerical value of this constant, these 
**basic thicknesses’’ of mechanical tra- 
jectories are negligibly small in all prac- 
tical cases, and become of importance 
only for such minute particles of elec- 
trons moving within miniature atomic 
For atomic electrons, however, 
becomes 
comparable with the the 
whole orbit,’’ so that no further applica- 
tion of classical notions is any more pos- 


system. 
the ‘‘thickness of trajectory’’ 
*‘diameter of 


sible. 

The author emphasizes here a great 
danger that, after through 
the last few pages, the reader will not 
quite lose his adherence to the classical 
notion of the trajectory. ‘‘I quite agree”’ 
‘that the observations 


struggling 


—he would say 
might disturb the motion and even make 
the measurement of the trajectory quite 
impossible. But, if we do not light the 
lamp, and do not put the shock-registers 
on the way of the particle, there will be 
nothing to disturb its motion. Will it 
not then move along a strict mathemati- 
eal line?’’ 

Those who put such a question have 
not evidently understood the principal 
purpose of the above analysis. We have 
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not been discussing the possibility of 
observing the trajectory under the as- 
sumption that it is there. On the con- 
trary, we tried to verify the necessity of 
the introduction of such a notion as a 
trajectory by means of primary obser- 
vations of the outside world. And, as 
far as such a notion can not be strictly 
constructed, there is no sense of using it, 
only because Galileo Galilei and Isaac 
Newton introduced it, not knowing about 
the existence of the lower limits of physi- 
cal interactions! 

In a dark chamber with no ‘‘shock- 
registers’’ on its way, the particle will be 
subject to the same kind of indefiniteness 
in its motion, simply because such are 
the laws of nature which we only tried to 
exhibit by the observations described 
above. Probably the most striking dem- 
onstration of this fact can be seen in the 
processes of spontaneous or artificial 
radioactive transformations where a 
charged particle penetrates into or es- 
capes from the interior of an atomic nu- 
cleus, ‘‘passing’’ through the regions of 
the space in which its potential energy is 
larger than its total available kinetic en- 
ergy. It is clear that from the point of 
view of classical theory no continuous 
trajectory, observable or not, can pass 
through this potential barrier surround- 
ing the nucleus, and yet the experiment 
teaches us that the penetration still takes 
place. We have here a typical example 
of the complete failure of the notion of 
the trajectory in the description of phys- 
ical phenomena. 


UNCERTAINTY RELATIONS OF PosITION 
AND VELOCITY 


The fall of the notion of ‘‘the trajec- 
tory of motion’’ results also in serious 
changes of our views concerning the po- 
sition and velocity of a material particle 
and leads to the conclusion that these 
two fundamental characteristics of mo- 
tion can not be estimated simultaneously. 
In fact, if we could know exactly the 


position and the velocity of a part 
any given moment, we could caleulate 
prospective positions in the futur 
form in this way the notion of the trai. 
tory. The analysis of the physical , 
ods by which one could arrive at a s 
taneous knowledge of the posit 
velocity of a moving particle brou 
Heisenberg to the result that an 
estimate of position will distur 
**knowledge’’ of velocity and vic. 
These considerations, very analo 
the above discussion of the ‘‘tra} 
observations,’’ lead to the fundar 
relation between the ‘‘uncertainty”’ 
the position and that of the velocity 
moving particle. If we denote by A 
*‘uncertainty’’ of position and by A 
corresponding ‘‘uncertainty’’ of vel 
ity, the ‘‘wncertainty-relation’’ ca) 
written in the form: 


IS 


h 


m 


Az- Av 


where m is the mass of the particl 
question. The heavier is the particle, 1 
better its positions, velocities and t 
tories could be described by the methods 
of classical mechanics. It must 
noticed here once more that the \ 
‘‘uncertainty’’ does not pertain onl) 
the results of our measurements, 
rather indicates the fundamental 
definiteness of motion as described 
the laws of the new mechanics. 


UNCERTAINTY RELATIONS OF TIME A) 
ENERGY 
We want to discuss here in some mor 
detail the uncertainty relation betwe: 
the time and energy, the relation w! 
is generally less known than those b 
tween the positions and velocities. This 
relation can be written in the form: 
AE x At=>h 
and its importance was particularly em- 
phasized by N. Bohr. It indicates that 
we can not know the exact amount of 
energy, together with the exact time 
when this energy was delivered. Macro- 
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seopically speaking, we would say that 
the bill for the electric energy used at a 
nite definite date must be necessarily 
aneertain by a negligibly small fraction 
of a cent. 

The validity of this uncertainty rela- 
tion can be demonstrated by an imagin- 
ary apparatus designed for the purpose 
of the exact both 
energy and time in contradiction to the 
above relation. The ‘‘apparatus’’ con- 
sists essentially of a closed box inlaid 
with the ideal mirrors, and filled with a 
certain amount of radiant energy. In- 
side of the box is located an alarm clock 
connected with a photographie shutter in 
one of the walls. The clock (which is, of 
course, also ideal) can be set on a defi- 
nite moment of time at which the shutter 
must be opened for one short moment, 
letting out some part of the radiation. 
Charging the box with the radiation and 
setting the alarm clock, we can close it 
entirely, separating its inside from the 
outer world. We have enough time now 
to measure its weight and, using the rela- 
tivistic relation between the mass and 
energy, find out exactly the total amount 
of radiative energy in its interior. An- 
other weight-estimate, executed after the 
date on which the alarm clock 
gives us the final mass, and the difference 
corresponds to the exact amount of 
energy radiated at the exact moment 
when the shutter was opened. The fact 
that the box is completely closed, having 
the alarm clock inside, seemingly guar- 
antees the absence of any outside pertur- 
bations produced by the process of 
weighting on the rate of the clock. It 
seems, at the first sight, that this ‘‘imagi- 
nary apparatus’’ would permit the exact 


measurements of 


is set, 


1 The ‘‘apparatus’’ was proposed by A. Ein- 
stein at the Solvay Congress on Physics in 1930 
as a possible contradiction to the Bohr-Heisen- 
berg interpretation of the new mechanics. The 
explanation (given in text) as to why such 
apparatus does not represent any contradiction, 
and, on the contrary, supports the uncertainty 
relation, was given by N. Bohr at the same 
congress. 
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ARRANGEMEN 


FIG. 2. AN IMAGINARY 

DESIGNED TO ANALY POSSIBILITY OF 

SIMULTANEOUS MEASUREMENT OF THE EN! 

AND TIME. THIS TOY-MODEL WAS USED BY PRO 

FESSOR N. BOHR IN HIS LECTURES ON THE |! 
PRETATION OF THE UNCERTAINTY RELATIO 


estimate of energy at the exactly given 
time, and thus would contradict the w 
certainty relations of the quantum-the 
ory. 

However, it was indicated by N. Bohr 
that one can not measure the weight of 
the box without permitting it to move in 
the vertical direction in the 
tional field of the earth In 
whether we use an ordinary balance or 
2), the 


gravita- 
fact, 
spring scales (as in Fig change 
of the mass to be measured will cause 
tae vertical shift of the 
with the alarm clock fastened in its in 
But, according to Einstein’s the- 


box together 
side. 
ory of relativity, any clock changing its 
position in the rravitational field would 
necessarily also change its rate. The re- 
sulting uncertainty of the time at which 
the shutter was opened is calculated to 
be exactly the same as it would follow 
from the fundamental relation given by 
formula (4). 

Thus we see that, because of the rela- 
tivistic effects which necessarily come in 
in any estimate of the mass in the gravi- 
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tational field, the uncertainty relations 
between the energy and time remain in 
force also in this case. 


UNCERTAINTY RELATIONS FOR LARGE 
Bopies 

As it was mentioned above, the quan- 
tum-mechanical uncertainty relations be- 
come of importance only for the particles 
of extremely small mass, and play no 
essential role in the everyday life? It is 
therefore very interesting to see if there 
are any examples in which the deviations 





L che 


FIG. 3. IN THE NEW MECHANICS A 

STEEL-BALL DROPPED FROM A POINT DIRECTLY 

ABOVE ANOTHER RESTING BALL WILL JUMP ASIDE 

AFTER ONLY FEW BOUNCINGS. CLASSICAL ME- 

CHANICS WOULD NATURALY NEVER COME TO SUCH 
CONCLUSION, 





2 The question as to how the ‘‘ everyday life’ 
will look if the quantum-laws would hold also for 
larger bodies could be found in the author’s 
popular book, ‘‘ Mr. Tompkins in Wonderland’’ 
(Maemillan Publishing Company, New York. 
1940). 


between the classical and quantum-mo. 
chanics could become large enoyo 
already for the bodies of normal si». 
Such examples can be really found, ang 
one of them* will be discussed here. |, 
us take an ideally spherical elastic }a 
say, one inch in diameter, and fix 
rigidly on the surface of the table. 
we place now another ball of the ga) 
size a few feet above the first one. 
let it drop freely (Fig. 3), the class 
mechanics would predict that the ba 
will jump up and down, all the time hit 
ting the fixed ball exactly on the top 
According to the quantum-theor 
however, the fundamental uncertainty | 
the location and velocity of the moving 
ball will cause the spreading-out of its 
trajectory. This will lead to uncentra 
hits and, after several bouncings, 
ball will jump aside and fall on the table 
The caleulations show that, even in spit 
of the extremely small value of the 
quantum constant, the ball in the above 
example will be not able to do more t! 
a dozen successive bouncings. Of cours: 
it is hardly necessary to mention t 
even the best steel-balls used in moder 
ball-bearings are by far not sufficient 
spherical and homogeneous for su 
experiments, so that the proposed experi- 
ment can not be used for the actual 
demonstration. But it indicates that 
even in ordinary life the uncertainty) 
relations of the new mechanics could 
play a certain role. 


3’ Communicated to the author by Professor 
D. M. Dennison. 
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NIGHT OVER EUROPE 


BY DR. RAYMOND B. FOSDICK 


PRESIDENT, ROCKEFELLER FOUNDATION 


THE mounting catastrophe in Europe 
and its effect on universities and labora- 
tories in every country there—whether 
involved in the war or not—have neces- 
sitated modifications in the work of the 
Rockefeller Foundation. When the war 
broke out on the first of September, 1939, 
the foundation had 110 running appro- 
priations in Europe, distributed in 22 
different countries, and involving a total 
sum in excess of $4,000,000. <A substan- 
tial part of these appropriations was 
for research in various scientific fields. 
Nearly $2,000,000 of the total was for 
work in Great Britain; approximately 
$750,000 was allocated to Switzerland; 
$330,000 each to France and Sweden; 
and the balance in smaller amounts rang- 
ing down to $3,500 in Finland. 

In a number of instances work sup- 
ported by these appropriations is being 
continued on a level that has been but 
little affected by the war. For example, 
Heilbron’s research in organic chemistry, 
to which the foundation is contributing 
at Imperial College, London, is still go- 
ing forward. Niels Bohr’s work in bio- 
physics at Copenhagen and Svedberg’s 
studies with the supercentrifuge at Upp- 
sala are also only indirectly disturbed. 
The Tavistock Clinic in London where 
the foundation is financing research in 
psychosomatic medicine, is proceeding, 
thus far at least, without serious inter- 
ruption. Similarly, work in the general 
field of neurology, under grants from 
the foundation, is being carried on at the 
Universities of Brussels, Leiden, Lund, 
Oslo and Oxford. 

Moreover, in spite of many unfortu- 
nate exceptions, there seems to be at least 
some effort in influential circles in Eu- 
rope to insulate important scientific re- 


search work from the shock of war and 
to allow the laboratory men to continue 
with their tasks. In this respect, Eu- 
rope is perhaps profiting by the tragic 
example of the last war when men like 
Henry G.-J. Moseley, the physicist; von 
Prowazek, the parasitologist; S. B 
McLaren, the mathematician; Karl 
Schwarzschild, the and a 
great host of fresh new leaders in every 


astronomer, 


field of science were killed at the front. 
Of the 240 enlisted students of the Ecole 
Normale Supérieure in Paris, an institu- 
tion which supplies the French universi- 
with killed 
Among the graduates of this school, 560 


ties professors, 120 were 
who were already professors in the uni- 
versities were mobilized; 119 were killed. 
Of the students resident at the Ecole 
Centrale des Arts et Manufactures, the 
most important engineering school in 
France, 179 were killed, together with 
362 of the graduates. 

This memory is still fresh in scientific 
circles in England, and 
where, and efforts are being made, with 


else 


France 


the help of governments, to prevent in 


this war, as far as possible, the recur- 
rence of such ghastly sacrifice. 

But an attempt to keep scientific 
ers at their tasks, laudable as its motive 
is, meets but a small portion of the prob- 
lem. At best it can salvage for the fu- 
ture only those whose promise is already 
indicated. Nowhere is there occult 
imagination to detect in a humble patent 


work- 


examiner a future Einstein, or to see in 
a tanner’s son a Louis Pasteur. Darwin 
at 20 showed no particular promise in 
his studies; but he had and 
spirit and would have made excellent 
material for the front-line trenches. No 
human precaution can protect a nation 


courage 
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from the sacrifices which war levies 
upon future talent—the undiscovered 
scientists, the gifted minds, the intellec- 
tual and spiritual leaders upon whom 
each generation must build the hope and 
promise of the generation to come. The 
mortgage which war places upon the 
economic resources of a country is as 
nothing compared with the mortgage 
levied upon its future intellectual and 
cultural life. 

In the war that is now being carried 
on in Europe the sacrifices and the proc- 
esses of disintegration have already be- 
gun. We can see now something of the 
extent of the disaster. The University 
of Warsaw has ceased to exist. Accord- 
ing to reliable reports, the entire Polish 
faculty of the University of Cracow is 
in a concentration camp. The Polish 
members of the faculty of the University 
of Vilna have been dismissed. Scarcely 
a year ago, the Moors, entrenched in the 
ruined University of Madrid, used the 
books from the university library as de- 
fenses in their rifle pits. The Univer- 


sity of Prague has been shut by the Ger- 


man government. The University of 
Strasbourg has been torn from its site 
and planted in Clermont-Ferrand. For 
reasons of economy and because their 
students are in military service, more 
than half the universities of Germany 
are closed. The institutions comprising 
the University of London have been up- 
rooted and seattered over a wide area in 
southern England. The 20,000 student 
population of the University of Paris 
has shrunk to 5,000. In all countries, 
whether combatant or non-combatant, 
the undiscriminating necessities of mili- 
tary mobilization have decimated facul- 
ties and student bodies alike. In many 
instances the ablest men on a faculty 
are being drafted for various types of 
war work. In other instances, on both 
sides of the fighting lines, laboratories 
hitherto devoted to the extension of 
knowledge, both in medicine and in the 
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natural sciences, are being geared 
the war machine. As a prominent 
ernmental official on the continent 
cently said, ‘‘Science can now hay 
one object: to help win the war.’’ 
Perhaps the most frightening as 
of modern war is the intellectual] }) 
out which it creates. One does not } 
to subscribe to H. G. Well’s grim pr 
ecy that ‘‘mankind, which began 
eave and behind a windbreak, wi 
in the disease-soaked ruins of a xs 
but certainly the night in Europe 
not be long continued without the s 
fice of cultural values on so vast a s 
that the chance of an enlightened 
gracious life, not alone for this gene: 
tion in Europe, but for the childre: 
grandchildren of this generation, wi 
irretrievably lost. 


Diviwep WE FALL 


One occasionally hears the state: 
that the trend of intellectual leaders 
is westward across the Atlantic 
proof of the assertion specific fields : 
mentioned, such as neurosurgery 
tronomy, dentistry and perhaps ort 
pedies, in which America has won p 
eminent standing. But this argum 
overlooks the many fields in which lea 
ership, certainly until the war bega 
was still in Europe and the many others 
in which genius and stimulation are ; 
potent on one side of the ocean as on the 
other. In physiology, for example. 
would be difficult to determine whether 
the leadership lies in Europe or in 
United States. The same is true of a 
atomy and pathology. In fields 
pharmacology, tropical medicine, op! 
thalmology, legal medicine, social med 
cine and dermatology—to mention on! 
a few—leadership is unquestionably st) 
in Europe, or was in 1939. In mathe 
matics, the English are indisputably pre 
eminent in analytic number theory; t 
Russians are making important contri- 


the 


butions in topology and probability, 1 
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French in algebra. America can not 
mateh the group of European scientists 
in the important fields of enzyme chem- 
istry and the organic chemistry of na- 
tural products. Nowhere else in the 
world can one duplicate or even ap- 
proach the coordinated and cooperating 
Seandinavian group which is focusing 
so many precise techniques of chemistry 
and physies on problems of biology. 

If one is tempted to question the vi- 
tality of science in Europe, it is interest- 
ing to note that the most dramatic sci- 
entific development of the year 1939 
originated there, i.e., the splitting of the 
atom of the heavy element uranium and 
its transmutation into barium and other 
light elements. This realization of the 
old dream of the alchemists was based 
upon results obtained in 1934 by the 
Italian physicist Fermi; but the disin- 
tegration products of uranium were first 
directly observed in 1939 by Hahn and 
Strassmann of Berlin. 

America needs to be humble about this 
question of intellectual leadership. In 
spite of the anxiety and insecurity 
abroad during these recent years, of the 
six Nobel prizes awarded in science in 
1939, five went to Europe and one to the 
United States. In countless ways we 
are dependent upon Europe for stimu- 
lation and leadership in relation to many 
seements of our intellectual and cul- 
tural activity. 

If because of war exhaustion or chaos 
the universities and laboratories of Eu- 
rope should be forced to suspend their 
fundamental activities for even half a 
decade, the consequences to the intellec- 
tual life of America would be immediate 
and disastrous. For scientific growth 
is almost invariably the result of cross- 
fertilization between laboratories and 
groups in widely separated parts of the 
world. Only rarely does one man or 
one group of men recite with clear, loud 
tones a whole important chapter, or even 
a whole important paragraph, in the epic 


Much more often the Start 


some isolated and perhaps 


of science. 

from 
timid voice, 
tion, 
This first whisper echoes about the world 


comes 
making an inspired sugges- 
raising a stimulating question 
of science, the reverberation from each 
laboratory purifying and strengthening 
the message, until presently the voice of 
science is and 
Thus, in the case of the 

uranium during the past year, the earls 
Rome 


> 
Berlin, were 


authoritative 


decisive 


breakdown 0 


tentative questionings came from 
they were caught up at 
eagerly heard at Paris and Copenhagen, 
Atlantic an 


seized upon here so ent! usiastically that 


and then spanned the d were 


literally within hours, rather than within 


days, the critical experiments had 


been 
Uni 


checked and extended at Columbia 
versity, at the Carnegie 
Washington and in 
tory at the University of Calif 
Similarly, the amazing development 
and application of sulfanilamide—that 
beneficent gift to 
the collaborati 
flags and boundar'’y lines hav 
The first hint of 


in Germany, oddly 


mankn 


result of a 


existent. 
covered 
connection with the commercial dye in 
dustry, and the drug was given the name 
prontosil. With this hint as a basis, in 
1935 a German Gerhard 
Domagk—published the results of his 
experiments with mice under carefully 


scientist—Dr. 


eontrolled laboratory conditions, show- 
ing the extraordinary effect 
on streptococcus The Pasteur 
tute in Paris then picked the matter up, 
and organic 
analysis discovered that its activity was 


of prontosil 
Insti- 
subjecting prontosil to 
localized in one distinctive part of its 
molecular structure. This potent factor 
in prontosil, separated from the rest of 
the molecule, is what we now know as 
sulfanilamide. At this point Queen 
Charlotte’s Hospital in London, with a 
grant from the Rockefeller Foundation, 
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tried the drug on women suffering from 
streptococcal infection associated with 
puerperal or childbirth fever, immedi- 
ately reducing the death rate from such 
infections by 25 per cent. The Johns 
Hopkins School of Medicine was the next 
institution to carry forward the experi- 
ments, and in the last three years re- 
search on this drug has been developed, 
with brilliant results, in laboratories and 
hospitals on both sides of the Atlantic. 
Achievement in science, more often 
than not, is the result of the sustained 
thinking of many minds in many coun- 
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tries driving toward a common 

The creative spirit of man can not sy 
cessfully be localized or nationalized 
Ideas are starved when they are fence 
in behind frontiers. The fundamenta 
unity of modern civilization is the unjt 
of its intellectual life, and that life eay 
not without disaster be broken up int 
separate parts. If, as a result of 1 
present cataclysm on the other side 
the Atlantic, Europe freezes into 
Arctic night, we shall not easily keep 
the fires lit in the universities and |a| 
oratories of America. 


A SCIENTIFIC APPROACH TO RELIGION 


By the Reverend JOHN S. O’CONOR, S.J. 
PROFESSOR OF PHYSICS, GEORGETOWN UNIVERSITY 


A STRANGE trend has emerged in re- 
cent years among certain writers on sci- 
entific subjects, a trend which is directly 
away from the goal towards which these 
writers profess to be aiming. Despite 


the fact that in general our concepts of 
natural phenomena are becoming more 
well defined and our knowledge of the 
world in which we live is growing con- 
tinuously more extensive, as well as more 


definite, nevertheless in semi-popular 
books on scientific subjects, as well as in 
the more reputable journals, remarks 
dealing with any aspect of religion have 
for the most part been characterized by 
a lack of clear thinking and a vagueness 
which would lead one to conclude that 
the authors had chosen the reciprocal of 
the ‘‘h’’ of quantum mechanics as the 
limit of their indeterminacy rather than 
that minute magnitude itself. 

_ In view of such articles as the recent 
one by Dr. K. T. Compton on ‘‘ Religion 
in a Scientific Era,’’ as well as a pre- 
vious one by the late W. M. Davis on 
‘*The Faith of Reverent Science,’’ both 
of which appeared in the Screntiric 
MontTHiy (January, 1940, and May, 


1934), it seems appropriate to ask the 
question: Why do men of science refuse 
to approach the subject of religion from 
a scientific viewpoint ? 

Are they assuming without 
that faith and science are irreconcilable 
so that any attempt at reconciliation is 
doomed to failure from the start? Do 
they postulate without further exami- 
nation that dogmatic religion is neces- 
sarily and essentially incompatible with 
the scientific method? Do they deny 
priori that authority as a source of tru 
knowledge must be abandoned in prin- 
ciple? If they do then they are no 
longer acting in the role of scientists 
but are subscribing to propositions the 
truth or falsity of which they show no 
evidence of having investigated. 

The purpose of this article is to indi- 
eate not only that the scientific method 
of approach to religion is possible but 
as a matter of fact can be carried 
through to very definite and, perhaps to 
some, illuminating conclusions. 

In order to avoid points of contro- 
versy inevitably connected with sectar- 
ianism this discussion will be conducted 


reason 
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along only very general lines, will be 
kept for the most part in the hypo- 
thetical mode, and the treatment will 
emphasize the form and method of ap- 
proach rather than the matter or con- 
tent of the various religious questions 
involved. 

We should begin of course by defining 
religion in a manner acceptable to all 
participants in the discussion. How- 
ever, even the etymological or nominal 
definition of religion is open to two in- 
terpretations, one which is based on the 
notion of a bond (from the Latin re- 
ligare, to bind) and another which stems 
from the Latin derivative relegere or 
religere, to treat carefully, to ponder or 
meditate. 

To get a least common denominator 
for all religions is a task beyond the 
scope of this consideration, yet an un- 
biased study of the history of religions 
and of comparative religion sustains a 
position which maintains that, despite 
the presence of admixtures such as an- 
eestor worship and accretions of magic 
and witcheraft, the notion of a super- 
natural or supreme being is contained 
at least implicitly in practically all re- 
ligions. So that on the first interpreta- 
tion of the nominal definition of religion 
the idea of God is introduced histori- 
eally as the term of the bond between 
man and a higher being, while on the 
second interpretation this supreme be- 
ing appears, on the same historical basis, 
as the object of man’s meditations. 

The position taken here is one which 
is entirely unassailable on anthropolog- 
ical grounds. It starts with a proof of 
the existence of God as the First and 
Unproduced Cause of the universe. His 
supreme dominion by reason of this cre- 
ation and conservation follows logically. 
It is the recognition by man, through 
his intellect, of this supreme dominion 
and the regulation of his life, through 
the power of his free will, in conformity 
with the manifest will of God that con- 
stitutes the true essence of religion. 
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To establish this position let me offer 
some hypothetical propositions, propos- 
ing them as the mathematicians propose 
their postulate systems, and then ex 
the 
ence of an intelligent being as the First 


@XISt- 


amine their consistency. If 


Cause of the universe can be established 


by rational scientific inference from ob 
served facts, if no other rational expla 
nation of the produced intelligent beings 
existing in the world to-day has ever been 
found, then is not the only truly scien 
tific position the one which accepts the 
existence of such a First 
God? The objection that such 
reasoning is based on unjustifiable ex- 


Cause which 


we eall 


trapolation from the seen to the unseen 
is certainly not valid. 
tain it are driven back into a positivism 


Those who main- 


which would throw out most of the con- 
clusions of modern physics. How much 
of what we eall scientific knowledge is 
the 
often we 


based on observations of senses 


alone? As has been said so 
have never seen and never will see a free 
electron. We do, however, see its effects 
in cloud chamber and on the recorder of 
a tube counter, and from the 


(by the principle of 


sensible 
evidence we infer 
sufficient 
cause of the track or pulse, which we 
name the electron. The 
the existence of a First Cause is reached 
in the same manner, using the data 
derived from the senses and reasoning 
by the same laws of logic without which 


reason) the existence of a 


knowledge of 


no scientific conclusion whatsoever could 
be reached. 

In such an article as this there is not 
space for a detailed delineation of the 
cosmological argument for the existence 
of God, but I am absolutely convinced 
that any one who would give the same 
consideration to that proof, as outlined 
for example in William Brosnan’s ‘‘God 
and Reason’’ (Fordham University 
Press) pp. 62 et seq., 
to a line of argumentation found in the 
Physical Review or the Proceedings of 
the Royal Society would be forced to 


as he would give 
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admit that the cogency of this argument 
for the existence of God far outstrips 
that which is found in the reasoning 
which Chadwick uses to prove the ex- 
istence of the neutron, which to-day is 
accepted as certain as any conclusion in 
the physical sciences. 

Now for a second hypothesis: Granted 
the existence of an intelligent First 
Cause does it not follow that such a be- 
ing must possess knowledge, and as the 
First Cause of all intelligent beings 
capable of intercommunication, He must 
also have the power of communicating 
His knowledge to other individuals? Is 
there any conceivable reason why such a 
being could not be the legitimate source 
of new knowledge for mankind? Any 
reason offered for the rejection of such 
testimony would also exclude all human 
testimony, and make a continuation of 
the recent rapid advances in science 
practically impossible. If we accepted 
in science only those conclusions which 
we have drawn from facts which we our- 
selves have observed how far would we 
get in any investigation? All mathe- 
matical, chemical and physical tables 
could be thrown away since on such a 
basis we would have to refuse to accept 
the values contained therein merely on 
the word of those who have determined 
them. Every time we wished to per- 
form an experiment involving some ad- 
ditional constant we would have person- 
ally to determine its value. 

On the contrary we are, as a matter 
of fact, accepting on faith many hun- 
dreds of items in both our daily routine 
as well as in our original researches. 
We are permitting authority to become 
a legitimate source of useful informa- 
tion for us. 

It is futile to say that if we so wished 
we could verify all conclusions we so ac- 
cept. The fact is that we do not do so, 
and in many cases could not, even if we 
wanted to do so. To take but one ex- 
ample, could we set the universe in re- 


verse and reobserve the path of the lic 


rays in the sun’s gravitational field dyr. 


ing the eclipses of 1919 and 1999 
While it is true that the art of photos 
raphy has given an objectivity to myc} 
physical data not enjoyed in the ear}, 
days of science, even here we must 
cept the authority of the photograp} 
inasmuch as we admit his reguisit 
knowledge and mastery of the techn 

as well as his honesty in not retouching 
the film. 

The conclusion is inescapable. Ii 
admit the existence of a personal G 
we must also admit the possibility 
revelation by Him to mankind. T 
admission is not to be made on the bas 
of some blind impulse which we dare not 
attempt to explain, but on the basis . 
judgments similar to those which 
make about every-day matters—sc 
tific and otherwise. Assent to the pos- 
sibility of revelation is therefore reason 
able and rational, and such is the de jx 
statement of the case. 

As to the de facto situation; here 
again we have a problem which most 
scientists refuse to face in a scientit 
manner. Does God exist? Has he 
vealed Himself to us in any more dir 
manner than by His manifestations in 
nature? The students of Catholic sci 
tific theology are convinced that the an- 
swers to these questions must be give 
in the affirmative, and they base their 
position on what they consider incon 
trovertible physical evidence—evidence 
that has been for a period not far short 
of 2,000 years, and still is acceptable t 
a large group of scholars. 

Instead of investigating this evidence 
all but a few scientists are content wit 
dismissing the entire problem by quot- 
ing the mistakes of a few misguided in- 
dividuals, and they then refuse to pur 
sue the matter further. 

If all the articles on science wer 
taken up with such topics as the mis- 
taken notions of Newton concerning the 
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corpuscular nature of light or the per- 
sistent refusal of Lord Kelvin to ac- 
cept, in the face of convincing evidence, 
Rutherford’s theory of radioactive dis- 
integration, the literature of physics 
would indeed be in a sorry state. And 
while such a situation does not exist re- 
varding the topies which are the proper 
subject-matter for most scientific discus- 
sion, yet when questions of religion arise 
the attitude seems to change so as to 
preclude concentration on all but a few 
extreme and to-day scientifically unten- 
able religious positions. 

Because the electronic charge has been 
found to have a value different, by an 
amount greater than the admitted lim- 
its of experimental error, from the uni- 
versally accepted value of 4.770 x 10" 
not therefore com- 


abs. e.s.u. we do 


pletely discard the concept of the elec- 


tron. Neither should we consider all 
religion ‘‘outmoded’’ because of the 
fanatical theological interpretation of a 
particular bizarre sect. Individual mis- 
takes in arithmetic do not destroy the 
foundations of mathematics. Nor do 
the personal errors of whole schools of 
thought make all reasoning 
invalid. It is human to err as the ghosts 
of phlogiston and elastic solid ether 
theory can testify, but because of such 
errors science has not concluded that the 
continuation of the search for truth is 
futile. 

Let me therefore present a further 
question which should again be an- 
swered from a _ scientific viewpoint: 
Granted the existence of God and the 
possibility of revelation and given the 
fact that certain groups of propositions 
are claimed by their defenders to be 
revealed truths, are not these claims en- 
titled to the same attention and exami- 
nation as is accorded to any other sci- 
entifically acceptable hypothesis? 

The establishment of the tenets of true 
Christianity regarding revealed truths 
begins with a consideration of the authen- 


processes 


ticity and genuineness of 

ings as well as the historicity 
recounted therein. From 
timony of these writings considered 

historical documents we conclude legiti 
mately not only to the existence of the 
person of Jesus Christ and the doctrines 
which He taught but also to the oceur 


} 
special 


rence of certain 
with 


manifestations 
His life and death 
These special manifestations called mir- 
from the 


] 


dead) never have and never will receive 


connected 


acles (such as resurrection 
an adequate natural explanation. They 
constitute mighty motives of credibility 
and irrefragable 
what is claimed to be Divine 
Nor can 


missed merely by the use « 


external proof that 
revelation 
is actually so. they be dis 
depreciatory 
adjectives, as has been done by the late 


W. Mz referred to above. No 


truly scientific refutation of the 


Davis 
@XISt- 
ence of miracles has ever been written 
because it would require a proof either 
of the non-existence of God or else 
the author in one of two extremely un 
comfortable and unscientific positions of 


put 


having to either deny all and any form 
of physical law or, 
would then have to 
change in the admitted law 
forever and absolutely impossible. 
Let me turn 
illustration and 
which should add strength to the appeal 
for a scientific approach to religion. 
The scientific which ac- 
cepts facts and attempts to fit them into 
a theory or system. 
fact and theory may establish or con- 
firm the latter, but in all cases it at least 
test 


admitting such, he 
that 
would he 


prov e 


any 


now from argument t 


propose an analogy 


method is one 


Agreement between 
renders the theory under accept- 


able for further The 
facts of history pertaining to the teach- 


consideration. 
ings of Christ constitute a body of data 
These have moulded (under the 
guidance of Christ Himself 


been 
into a sys 
tem, in such a way as to constitute an 
which displays the 


organism proper 
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functioning of the relations between 
theory and fact. Not only does this 
organization give a satisfactory inter- 
pretation of the facts on the basis of the 
theory which it represents, but this syn- 
thesis has been for 1,900 years and still 
is a workable system for millions of in- 
dividuals the world over. So that to the 
pragmatic question, uppermost in the 
minds of so many to-day, revealed re- 
ligion also gives a positive and favor- 
able answer. 

A further question must still be pro- 
posed: Does the system of revealed re- 
ligion under consideration contravene 
any of the known facts of science? 

The answer to this question will be 
given in the form of a challenge which 
may be stated as follows: No doctrine or 
dogma essential to Christian revelation 
and defined as such by either a general 
council of the Church of Rome or by any 
ex cathedra declaration of any pontiff 
of that same church has ever been found 
in contradiction to the certainly known 
facts of science. 

We are of course assuming that the 
‘conscientious objector’’ to the above 
proposition will investigate the meaning 
of Papal infallibility and ex cathedra 
definition before dragging out the al- 
ready threadbare instance of the con- 
demnation of Galileo. 

Let us now turn to some of the views 
of Dr. Compton as expressed in the 
article referred to previously. In his 
summary Dr. Compton says, ‘‘Its (sci- 
ence’s) whole tendency is to emphasize 
the fundamentally spiritual character of 
religion as representing the highest 
ideals of mankind as opposed to theo- 
logical rules, doctrines, theories, etc.’’ 
(Italics mine.) Elsewhere in the article 


‘ 


Dr. Compton speaks of ‘‘the dyna) 
character’’ of religion and “‘the 
of a variety of religious denomi 
which emphasize different 

. the spiritual life.’’ Regarding ; 
changes in and diversity of re] 

a distinction is necessary which 
take its point of departure fron 
words of Dr. Millikan quoted jy 
same article. ‘‘I believe,’’ 
‘*that essential and not 
ligion is one of the world’s supremes: 
needs.’’ In this quotation a comp! 
but gratuitous opposition is set up 
tween a religion and its dogmas: 
implication is that dogma is not ess 
tial to religion. But it is merel 
plication and not proof. If a re 
holds nothing certain, nothing 
what is it worth as a religion 
worthy of the name? It 
true that religion, culture and kn 
edge itself may differ accidentally i 
ferent countries and in different peri 
of development, but it is obviously 
possible for the same religion to t 
essentially different doctrines at diff 
ent times as it is absurd to claim 

two religions which are in such essent 
opposition can both be true. 

When we use a coordinate systen 
solve a problem, the important physical 
quantities in the problem are indeper 
dent of our choice of a reference sys- 
tem. They are what are called invar 
ants. The essential doctrines so fr 
quently referred to with contempt as 
**dogmas’’ are the invariants of true re- 
ligion. They remain the same through- 
out all transformations in space and 
time. Without them the adequate solu 
tion of the problem of the universe wil! 
never be obtained. 


aspt ‘Ts 


says Millik 


dogmatic 


is of 
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VOLUTION OF THE PHYSICAL 
UNIVERSE 


rEN Milton decided to write an epic 
he chose a much more herole sub 
than those of anv of his predecessors 
sang of ‘‘arms and a man”’ or othe 
entures of ordinary mortals In 
Paradise Lost’’ Milton sang of the re 
on of Satan and his horrid crew, 
ho durst defy th’ Omnipotent to 
rms.’’ For nearly three hundred vears 
avinations have been stirred bv the 
superlative events he described 
Dr. Gamow has written on a subject consequel 


that in the field of the physical sciences later as a. 
makes the ultimate demands upon the on 0! 
imagination and eredulity His work is theory 
not based upon theology and mythology, Very st! 


but upon carefully reasoned theories de 
rived from observations. He writes with 


authority, for he himself has contributed = W'!!! pass : 
important parts to the great theoretical] Upon 
structure that nas been erected and brillian 


Naturally Dr. Gamdw @ould not start long period 
with the birth of our sun and other suns, !@nt lump of 
for the past as well as the future must be W'!th eternal ice ani 
inferred from the present He first tem of frozen but st 
raises the question of the origin of the This book is 
sun’s heat, a subject that has been puz- "ly written, 
zling scientists for eighty vears since it turn that wil 
was first realized that heat has the prop- Ing scientist 
erty of quantity, the same as mass He ®8re quite as 
passes in review the inadequate contrac drawings by 
tion theory and develops the recent theo trated many of his des 
ries of the liberation of energy through ments are equally ent 
the transmutation of the elements, espe- ‘tructive. Intelligent 
cially hydrogen, including the carbon- P!e@sure in reflecting 
nitrogen evyele. lems of the origin an 

Inevitably theories of the origin of the verse, of which tl - 
heat of the sun apply in general to the P@t. will greatly enjoy this boo 


heat of the stars. For the first time a 
fairly coherent theory of the evolution of 
the stars has been worked out. It is in 
teresting that the lives of these great 

1 The Birth and Death of the Sun. By George 
Gamow. Illustrated. xi+238 pp. $3.00. 1940. 
The Viking Press. 


be brought up to date by rea 
the final answer to the origin 
and destiny of the universs 


found ? Some advat ce has been 


toward the answer to this problen 


there probably will be no 
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THE SOCIAL SCIENCE ROLE OF 
GENETICS! 


THE intimacy of the relations between 
the social and biological sciences is for- 
Any effort 
to clarify their mutual interdependence 


tunately increasing rapidly. 


is of value not only to the sciences them 
The 


requires To be re 


selves but to humanity as a whole. 
biologist frequent] 


minded of the sienificant human, social 
and economic implications of his work 
The that 


most complex and baffling of organisms, 


social scientist, working with 
human society, obtains much useful data 
and even more valuable techniques and 


the When 


finally divorces sterile philos 


disciplines from biologist. 
sociology 
ophy to wed science, the offspring may 
prove to be the salvation of mankind. To 
forget that we are biological is to be no 
longer logical. 

Biology, medicine and sociology are in 
separable. The first deals with the fun- 
damentals of life, the second with man as 
an individual and the last with the inter 
A new text-book by 
Stanford Uni 
versity, has as its primary objective the 


relations of man. 
Professor Burlingame, of 


correlation of these three fields of study 
by the common denominator of heredity. 
Each living organism carries the bless- 
ings and curses of its ancestry: it is what 
it is because heredity and environment 


jointly control development. The prin- 


cipal aims, as stated in the preface, in- 


clude a brief introduction to the biology 
the fundamentals of 


diseussion of 


of reproduction, 
genetics and a 
where this knowledge is applicable to 


how and 


MONTHLY 


thought out that the volume } 
cinating reading independent 
How 


which such may be said! The 


‘course. rare are the 


excellent: clear, concise and fr 


ambiguity. 
ot heredity in the theories and 


The discussions oT 


of government and mass move! 
mankind and/or migrat 
largely speculative. <As suel 
thought by rev 
Chapter XIX 
redity and Medical Problems,’’ 
‘*Heredity and Insanity,’’ are ¢] 


this otherwise excellent 


(war 


provocat ive of 
fresh perspective. 


links in 
Here the weakness lies in the lack 
ical knowledge. 
with the socio-economic aspects 


Those port IONS 


ical practice are stimulating read 
The illustrations are well chos 
aid greatly in clarifying the me 
of heredity to non-biologists 
raphy, paper and binding are a 
The book is high! 
those thinkers con 
future of mat 


high order. 
to all 


bio-social 


mended 
with the 
physicians, biologists. social scir 
philanthropists and statesmen. The 
our students, who are the future 
and voters, understand the imp! 
suggested by this book the more s 
and progressive is the future ot 
racy. 


EpwWaArp J. STIEa! 


TRY IT YOURSELF 

In twenty brief chapters, Dr. Free 
takes his readers over a considerable 
of physics—from ‘‘The Stuff the W 

is Made of’’ to ‘‘ Light and Sight 


social problems in the broader sense. survey is neither heavy nor trivial 
These objectives are attained. 

Though the author claims that this is a 
text-book rather than a comprehensive 


treatise, the book is so splendidly organ- 


has neither the ponderosity of the ; 
demic specialist nor the frothiness ot 
science-magician. With restrained 
thusiasm, the author introduces a 

number of impertant principles of p! 
ical science by means of illustrations t 
By Ira M 


$2 ot, 


ized, the facts are so well selected and 
the theoretical discussion so thoroughly 


1 Heredity and Social Problems. By L. L. 
Illustrated. xi+369 pp. Price 
MeGraw-Hill Book Company. 


1 Invitation to Experiment, 
man. 238 pp., 114 illustrations. 
E. P. Dutton and Company. 


Burlingame. 
$3.50. 1940. 
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thin the mental horizon of nearly 

person. The familiar is skilfully 

to reveal the general 

of the attractive features of the 

AN ACCOUNT OF TH= MARINE 
WORLD 

In ‘*The Won 


thor covers ad 


is the numerous illustrations, both 
duetions of photographs and line 
ngs. The photographs are appro 

and the line drawings are ex 


teresting science oft 


ent. often superior. Some of the = 


we ter iit’ ore 
tographs show great commercial ap hapters dev 


ations of the principles under dis- '@P!Y sive the! 


ssion, such as an airplane ready for knowledge on s 


reolouy ear 


sting in a full-scale wind tunnel and 


tures, chemiustr 


huge stabilizing gyroscope installed 


and currents 


an ocean liner. The drawings often 
strate experiments that any one can vices used 1 
ake. In fact, they justify the title of FAs sie 


ocealis ahlid 


the book. ‘* Invitation to Experiment 


They are not only illustrative but are nesemendien 


very interesting. in parts ¢ 


Perhaps Dr. Freeman acquired an in deeps an 
teresting and lucid stvle by writing 
scripts for broadcasts. At any rate, the 


oOceals 


vile of his new book IS excellent He 
and well At 


has proved that fundamental science can 


. remarkable ab 
be made clear and interesting without — 
on the continent: 
burdening the reader with a large num 
} > > one " Terious poptutat Ons } 
ber of unfamiliar words. Although his —_ 
: where total darkness p 
sentences are simple and direct they are bed ¢] 
: : are seribed the 
so varied in length and structure and liat ; 
diatoms, seaweeds, the 
tone that they are never monotonous ‘ a Rael 
: : ing from the low 
As Dr. Freeman says in his Introduce nifes 
, é lifera, sponges, je 
tion, he addresses himself to the general 
: to the highest invertebrat 
public. After remarking that a consider ails tarfisl : 
‘ ‘ : 1oO SCS. STa snes, ets 
able amount of rpretat * science : 
| ol inte r} re ition OT ser nee the vertebrates fishes 
has been published during the past few al Bird . . 
: - I a s > cs are & ws 
vears, he savs: ‘‘Much of this literature . 
. tion, for, as the author 
has tended to dwell unduly on the latest ' 
' \ ; wel] occupy a volume 
and most imposing achievements of pure Tie heck te wall 
s ; : > OOK S ell 
ape science the whipped cream = with a brief discussion 
. Mee . , rata \ 
of the - ject supply ing only sketchil hate dealt hone mead todd 
if at all an exposition of the fundamental in eave to fad this treatior 
concepts on which the imagination-stir- 5.4 and instructive 
ring fruits of modern scientific achieve- WituaM (C. ScHroeper 
ments are based. . . . Certainly—with a . Ry BW 
little explanation—a lump of iron is fully 


as remarkable as a filterable virus or the 
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Thomson discovered the electron, Its span speculation The Lei vas 1 
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to-day one is apt to think of the beloved dissection with strict ad} et . 

J.J. as a young man, and to be almost — the surgical instruments pr by tl 

startled to recall that he died August mechanisms of mat! i SIS 

30, 1940) at the ripe age of 83 Suggestions of inner structures t 
Thomson was symbolic in part of the tate the reasoning wer ewed th sus 

old school of phy sics and in part of the picion (ne Was a wed 1 Speak 

new. Like Newton, Kelvin, Maxwell and = current of elect fy as 

Ravleigh, with Faraday standing as an language, but woe unto him who imp 


exception, he was thoroughly trained in — that he was thinking 
wire E e)} \l ix We Tihie 






the technique of, and constructive in, along the 
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power stood always in readiness to serve hesitated to speak 
the needs of interpretation of his experi tricity; and when for nit 
mental researches. Unlike these great cussing electrolysis | s strain 
predecessors, however, whose interests speak of a motecule I nes ‘ 
ramified over all fields of natural philos that the phrase is hat \ 
ophy, he svmbolized that era of special the rest of his treatise. One was 
zation which has evolved more or less as mitted to speak of atoms and mole . 
a necessary consequence of the ever-in more or less in whispers, |! tI 
creasing complexity in all fields of  pline imposed upo e's tl hts 1s 
physies. symbolized by the great le nes 

It was in 1884 that Thomson became  plaint made, in later vears st tl 
Cavendish professor of physics at an age new ideas of aton structure a lis 

28 vears—so unusual for such distine- integration, a comp t niet 
tion, particularly in those davs, as to tained that the ver tol 
bring forth from a well-known college plied that the entit was indivisil 
tutor an utterance to the effect that things The atom was given a nal 
had come to a pretty pass in the univer- considered safe to protect it from heres 
sity when mere bovs were made profes and it was expected 1 e up to its 
sors. He was precipitated into this realm name 
of responsibility from a school of physies There was an ex L i s 
which seemed to have attained the goal things which wer *hvsics 
of all that was ever likely to be possible, feeling the need of somet! 
a school in which many were busy in to transmit light ? 
polishing up the work of their predeces- admit an aether, a) uss 
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occupied such a respectable place as the 
the 
Newton, that it was regarded as a highly 
the 
for 
vears trying to make an aether which 


vassal of all mathematicians since 


proper agency to operate aether 


Physics had a merry time many 
the dynamies or 
work the 


substantial 


eould be worked by 


a dynamies which would 
The 
aether, and a conventional one, is illus- 
trated by the 
eminent contemporary of J. J. Thomson, 
Arthur Schuster, who, as late as 1904, 


“*The study of phy sics must be 


aether. desire for a 


such remarks as that of 


writes: 
based on a knowledge of mechanies, and 
the problem of light will only be solved 
when we have discovered the mechanical 
Writing, in 
Maxwell’s equation, 


properties of the aether.’’ 
place, of 
‘**The fact that this evasive 
school of philosophy has received some 


another 
he remarks 


countenance from the writings of Hein- 
rich Hertz renders it all the more neces- 
sary that it should be treated seriously 
and resisted strenuously.’’ 

Thomson himself was sensitive to the 
call of the new for contact with the old, 
and following Faraday, but aided by a 
more comprehensive mathematical knowl- 
edge, he spent much effort in seeking to 
interpret Maxwell’s mathematical frame- 
work in terms of the seemingly more con 
crete properties of ‘‘tubes of foree.”’ 
Applications of 
Dynamics to Physies and Chemistry”’ 
and his ‘‘ Treatise on the Motion of Vor- 
show close contact with the 


His earlier writings on *‘ 


tex Rings’”’ 
tvpe of investigations of his mathemati- 
cal predecessors, but even in the early 
find him the 
properties of moving electrical charges, 
After his 
election to the Cavendish professorship, 
his interests centered rapidly upon that 
field of conduction of electricity in gases 
in which he and his many eminent stu- 
dents much to write that 
chapter in the history of science which 


eighties we interested in 


regarded as concrete entities. 


did SO new 


gives immortality to his name. 
Like most radicals in physies, Thomson 
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became quite conservative in 
did not 
great favor upon the birth of « 
Bohr-Sommerfeld theory. In s 


look w 


radicalism, and 


this, in seeking ways of correlating 
within the frame of the philos 
classical electrody namics, he was | 
speculation, even bevond the co 
those who viewed a complete bre 
the past with equanimity. 
Thomson’s ‘‘ Recollections and 
tions’’ contains an interesting si 
upon his attitude towards creativ: 
ing. He writes: ‘*‘There is no bett 
of getting a good grasp of your s 
or one more likely to start more id 
research, than teaching it or lect 
about it, especially if your hearers 
very little about it, 


good if they are rather stupid 


and it is all 


have then to keep looking at vo 


ject from different angles until 


the one which gives the simplest « 
and this may give you new views 
it and lead to further investigation 
believe, too, that new ideas come 
freely if the mind does not dwe 
long on one subject without interrupt 
but when the thread of one’s thoughts 


It is, I tl 


a general experience that new ideas ; 


broken from time to time. 


a subject generally come when one is 
thinking about it at the time, thoug! 
must have thought about it a good 
before.’ 
Thomson symbolizes, perhaps | 
than any other physicist, the creat: 
When one t! 
of him, it seems impossible to sepa: 
Beloved by 


students, he se 


a ‘‘school’’ of physics. 


him from this school. 


many illustrious 
rather as an elder brother among t! 
a brother in a family which will for 
remain illustrious in the annals 
science. 
SWANN, 
Dire 
BARTOL RESEARCH FOUNDATION OF THI 
INSTITUTE 


W. F. G. 


FRANKLIN 
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EONARDO DA VINCI EXHIBITION AT THE NEW YORK MUSEUM 
SCIENCE AND INDUSTRY 


investigations and An 


Vinei are 
the New 


scientific 
ements of Leonardo da 
hically demonstrated at 
Museum of Science and Industry 
which will be 

ew for the rest of the vear Dr 
of the 


extensive exhibit 


Ira k B. Jewett. president 


Museum, recently paid the following trib 
to da Vine: 


a long time the greatness of Leonardo da 
a few works of art which s 
d the Centuries rolled 


most to the threshold of our own day. b 
with an awaren 


rested on 
accidents of time. 


the world began to stir 


the immense debt it owed him : 


lent 


is a St 


Even to-day, indeed, few realize 


nd inventor. 
Civilization 


xtent to which the industrial 


ue s , Babee . 


VINCI'S WORK 


PARTIAL VIEW OF THE EXHIBITION OF LEONARDO DA 
WATI 


AT LOWER LEFT IS ONE OF THE FAMOUS FLORENTINE’S DESIGNS FOR A 
GROUND IS A MODEL OF ONE OF HIS MULTIPLE-S7 RAND P 


NOTEBOOKS, WHI 


EYS 


ABOVE 


DUCTIONS OF SKETCHES FROM HIS 


THE MILITARY MACHINES SE‘ 
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LEONARDO DA VINCI—A SELF-PORTRAIT 














self now to one, now to ano h 
his last years, he did attempt to edi 
is manuscripts in order, bu 
to complete this task, death put an end 
gigantic endeavors, 
nee,’’ wrote da Vinei, on one of thos 


thousand pages left as his heritage to 

“18 knowledge of the things that are 
present and past; prescience, know 
the things which may come to pass 


. na reflection jotted down at random, did 
the greatest geniuses the world has eve 
define for himself the limitless 

i set himself to explore.’’ 
The exhibition, part of a comprehen 
sive display of Italian scientific inven 
ns held in Milan during the summer 
1939, consists of approximately 200 
rking models, built from original 
sketches, diagrams and _ notes The 
wlels were carefully reconstructed by 

Italian technicians and artisans in the 

spirit of Leonardo’s own time. even the 

raw materials emploved in their making 
being as close as possible to that available 
to workers in the fourteenth and fifteenth 
centuries. Many of the models, accord 
ing to the scholars and scientific experts 
who collaborated in the work of recon 
struction, can stand comparison with the 

ost modern techniques and inventions, 
and not a few of them resemble certain 

those to be seen to-day in any up-to 
date machine shop or factory 

The various exhibits in the collection 
show that Leonardo da Vinei’s many 
siled scientific curiosity led him into 
practically every field of human interest 

They deal with anatomy and botany, with 

astronomy and geology, with mathemat 

ics, architecture, aviation, hydraulics, 
military engineering and with other 
fields. There are ten models concerned 
with flight in the exhibition, including 
models of flying machines, a parachute ; 
an “‘aerial screw’’ that appears to some 
observers to have been based on the prin 
ciple of the helicopter and is said to be 
the ‘ancestor of all modern airplane pri 
pellers;’’ and a number of instruments 
ntended to gauge wind velocity and 
humidity. 

Seven models have to do with city 
planning, some of which—dealing with 
the problem of traffic regulation—bear 
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WORKING MODEL OF DA VINCL’S CONCEPTION OF A MOVABLE PRESS 


IT WAS DESIGNED BY DA VINCI NEARLY 100 YEAI 


IN GERMANY, WHO IS GENERALLY CRED 


a marked resemblance to designs offered 
by modern architects as a solution of the 
problems of congestion which beset the 
large cities of to-day. The largest of the 
models in this group, that of the *‘Ideal 
City,’’ is close to twelve feet long and 
some ten and a half feet wide. In addi 
tion, there are 22 plaster models of mis 
cellaneous subjects in the architectural 
display 

Nineteen models are concerned with 
various aspects of hydraulics, showing 
Leonardo’s ideas relating to the building 
of canals, dams, sea locks, basins, bridges 


and the like. One of them shows an in 


genious gate in a lock. When the capstan 
in the background is turned, the gate 
slowly drops into a pocket, allowing the 
water to pass into the canal. This method 
of raising or lowering boats around 
natural obstructions is, of course, much 
the same as that in use to-day. 


S BI 


\ 


W 


FORE THE ONE INVENTED BY Oo 


TH CREATING THE FIRS MO 


Among the miscellaneous me 
inventions are a sheet metal mac! 
‘‘rolling mill’’; a variable speed 
forerunner of our modern auto! 
transmission; a model embody 
principle of the modern ball beari 
elimination of friction in moving 
an automatic roaster, the idea for 
da Vinci conceived while watching :; 
keeper laboriously turning @ roast 
on a spit; two printing press mode 
screw-threading machine; a device 
forecasts the modern steam shov 
steam engine; an automatic saw, f 
ner of the modern buzz saw used i 
ber mills; and a number of 
Machines for work in the field of 
a flying spindle, a paddle wheel s! 
valve action pump and twelve other t 
of pump, a cloth shearer and an aut 
tive cart equipped with differential ¢ 
to transmit power to the rear wheels 
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THE 


the other exhibits of | igh 


~ thirty or more models are related 


Vinei’s studies of military an 


operations, made while he was 
iry engineer in the service ot Caesat 
orga They 


ess containing 


design or a 


include a 
underground pas 
bridges for use in military opera 
s, various types of guns, an armored 


double-hulled 


ratus for breaking and piercing the hull 


snl a vessel and appa 
an enemy ship, also a diving appa 
tus which the great inventor is said to 
have left incomplete because he feared 
that ‘‘man’s wickedness and ferocity”’ 
would result in its misuse 

The various models have been set up to 
show how their originals developed in da 
To this end, 
reproduction of that page from da Vinei’s 
the 


diagrams of each machine or 


Vinei’s mind. an enlarged 


notebooks containing sketches and 
device has 
been placed in the background behind 

h model. In some instances, numer 
ous drawings are exhibited, presenting 


various phases of his studies, notably in 


the section devoted to his work in aero 
nauties, where a great variety of his 
notes and sketches dealing with his ob 


servations of the flight of birds are shown 

Each of the two main stairways lead 
ing to the mezzanine levels of the Museum 
drawings which further 


is lined with 


emphasize the diversity of Leonardo’s 
interests and artistic genius. Here are 


seen sketches of the heads of madonnas 
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mind 
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mirror eTore The 


Two sentences 


reproduced 


each Main stall s 
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reads k el 

alone the sl eS 
the the ) ! 
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EIGHTH SUMMER CONFERENCE ON APPLIED SPECTROSCOPY 


Tue eighth annual summer conference 
on applied spectroscopy was held at the 
Institute of 
during July 15 to 17, with 250 biologists 


Massachusetts Technology 


chemists, metallurgists and physicists 
taking part, as well as a few representa 
Thirty 


were delivered during the three all-day 


tives of other sciences papers 
sessions, with discussion periods follow 
ng each paper. 

The amazine spectroscopic 
ethods to furnish 
atter in almost any state was responsi 


power ot 


information about 


ble for the 


vathel 


Sentatives of so mat 


group To the astr 


graph has revealed 1 


nebulae as units 
eologist it can cont! 
garding objects 
hands, as shown in a 


Norman, of the Ne 
chemical 
spectroscopic con 
Asiat 
clans of the audie 


American and 


Laboratories 
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interested in a discussion of the relative 


potencies of various Vitamin A mate 
rials, as determined spectrographically 
by Dr. R. L. MeFarlan, of the United 
Drug Company; in an analysis of Sara- 
toga Springs mineral waters by Dr. Les 
ter Strock of the Saratoga Springs Com 
mission ; and in a paper on the absorption 
spectra of hemoglobin derivatives by Dr 


David L. Drabkin, of the University of 


Pennsylvania. 

Passing from human to plant health, 
the program contained much to interest 
the agriculturist; in particular a com- 
parison of the metal content of the 
leaves of various varieties of grapes, 
reported by Dr. B. C. Brunstetter, of the 
U. S. Department of Agriculture; and 
studies of the bearing on plant growth 
of metallic constituents of the soil, as 
determined with the spectrograph, pre- 
sented by Dr. L. H. Rogers, of the Uni- 
versity of Florida. 

Entering the realm of the molecule, 
there were various papers of interest 
primarily to chemists, such as the spec- 
troscopic study of thionine solutions pre 
sented by Dr. L. F. Epstein of the Massa 
chusetts Institute of Technology, the 
spectroscopic determination of atmos 
pheric ozone by Dr. Brian O’Brien, of the 
University of Rochester, and a deserip 
tion of a new spectrophotometric method 
of measuring fast reactions by Dr. F 
Karush, of the Massachusetts Institute 
of Technology. 

The physicist, concerned with atoms 
and their behavior, was represented by 


Dr. W. F. Meegers, of the National Bu- 


NATIONAL ROSTER OF SCIENTIFIC AND SPECIALIZED PERSONNEL 


Tue officers of the National Research 
Council, in response to suggestions from 
many of the constituent societies of the 
council, have recently initiated a move 
for the development of a national roster 
of scientific personnel. After a series of 
conferences, it appeared that the roster 
should be extended to include not only 
scientists, but other specialized Ameri- 
cans as well. In this connection, the 


reau of Standards, who dis 
physical basis of spectrographi 
by Dr. O. 8S. Duffendack, of t) 
sity of Michigan, who reported 
surements of temperatures in s 
SCOPE SOUPrCEeS ; by Dr M I Ha 
the Applied Research Laboratories 
Angeles, who discussed a specia 
are for spectrochemical use, ai 
number of others. Further pape 
concerned primarily with metal 
analysis, and at least a dozen 
discussions of new methods and 
ratus for improving the general s 
scopic analysis of materials 

This annual conference, start 
1933 as a temporary measure to 
the development of applied spectr 
has filled such a need that all s 
recent conferences have been reset 
advance. At this eighth confer 
was decided that a permanent org E 
tion should be formed, to be knx 
the Society of Applied Spectros 
Officers were elected for the ensui ra 
as follows: President, Dr. G. R. Han 
Massachusetts Institute of Techn 
Vice-President, Dr. W. F Mi 
National Bureau of Standards; & 
tary, Dr. R. A. Wolfe, Universit 
Michigan; Treasurer, Dr. T. M. 
Dow Chemical Company. 

One of the first items of business 


new society was consideration of t 
sirability of founding a quarterly / 
nal of Applied Spectroscopy, to tak 
place of the Proceedings of the Sp 
scopy Conference, hitherto pub 
annually GeorGe R. Harriss 


Social Science Research Council 
American Council of Learned Sox 
and the American Council on Edueat 
joined in a request to the Federal | 
ernment that such a roster be develo) 





In compliance with this request, a 


pre 


federal project has been establis 
which is called the National Roster 
Scientific and Specialized Perso 





This roster is administered joint) 












ae 


ae re 








October 1. 
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Service Commission and the Car 
Resources Planning Board. Its and quest 
ve officer is James C. O’Brien. of oe ctl 
Service Commission, and its era nat ; 
r. Leonard Carmichael, president this 
ts College to the sm 
development of the roster, whicl entists. After the 
in active production in Washing each ine hac 
as involved the construction of an tw he enter ‘ 
ate questionnaire, to be sent to all thus 1 
tists and specialized workers in the special dei . 
try Accompanying this question other avencies as t 
as sent to each individual, is a tio ther 
list of special proficiencies in his demands t is . 
field Kor example, a group of co total number e 2 a : 
rating physicists has developed a list included in this cont cae 
tems of specialized proficient ies In s almost certa +] 
that science which will allow each physi at least the h: 
st to designate the field or fields in EFONARD (¢ 
h he has greatest capacity. The in D 


ECLIPSE EXPEDITION OF THE NATIONAL GEOGRAPHIC SOCIETY AND 
THE NATIONAL BUREAU OF STANDARDS 


ol e1etv and the Nat I> st 
the National Geographic So ards 


lo observe the total solar eclipse 
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THE OBSERVATIONS OF THE EXPEDITION WILL BE MADI 
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eastern Brazil. The party of six special 
ists which sailed from New York on 
August 24 for Recife (Pernambuco 

Brazil, consists of Dr. Irvine C. Gardner, 
chief of the Optical Instruments See 
tion of the Bureau, leader of the expedi 
tion: Dr. E. O. Hulbert, of the Naval 
Research Laboratory; Dr. Paul A. Me 
Nally, S. J., director of the Observatory 
of Georgetown College; Dr. Carl C 
Kiess, spectroscopist, and Dr. Theodore 
R. Gilliland, radio research specialist of 
the National Bureau of Standards; and 


At least three other expeditions will make 
observations One f n the Cruft Laborat 
of Harvard I niversity, unde the direction of 
Dr. J. A. Pierce, with headquarters in Queens 
town, South Africa, will concentrate upon radio 
problems, Dr. Charles H. Smiley, of Brown 
University, leads a small party which w study 


the zodiacal light from Quixeramobin, Brazil. 


a 


\ group from the Amateur Astronomers Asso 


ciation, in New York, led by Charles A. Federer, 


Jr., will be stationed at Campina Grande, Braz 





DR. IRVINE C. GARDNER WITH ONE OF THE SPECIALLY 
THE CAMERA WILL TAKE 12 TO 15 PHOTOGRAPHS OF THE CORONA DURING THE MOON’S 5 


BLACKOUT OF THE SUN, IT WILL BE OPERATED Al 


Richard H. Stewart, staff phot 
National Geographic Society 
Krom Recife the expedition 
land nearly 200 miles to the 
Patos, which lies five miles so 
center line of the e lipse Th 
ments will be set up direct) 
The neighborhood selected is 
most favorable for carrying 
program which the expedition 
uled. It is on an inland plate; 
drought conditions usually pr 
ing September and early Octob: 
The eclipse conditions thems 
also favorable. The sun will b 
ally high (approximately 54 
time of totality, and the period 
ness will last for nearly five 
To take advantage of these favo 
ditions, the National Geograp! 
of Standards expedition has 


and built two special spectrograp 


TOMATICALLY WITH OTHER CAMERAS AND 


MENTS BY A PROGRAM CLOCK. 


Ml 


\ 


BUILT CAMERAS 


vs 

















THE 








; 


of photographing a portion 0 


’s spectrum 40 inches long In 


designed and 


n the expedition 
specially for the October ] eclipse 
ill, compact telescope type corona 


is. These will be used to photo 


| + 


the corona, the delicate halo that 


around the sun _ but 
total 


SeS Included in the equipment also 


s outward 


ean be seen only during 


ve the large telescope camera de 
s by Dr. Gardner several vears ago 

which he has photographed solar 
pses on National Geographic Society 
and on Canton 


ditions in Russia 


Is | in mid-Pacifie. 
Another important group of equip 
housed in an automobile trailer 


ase of transportation, will be used 
ng the eclipse to measure changes 
the all-important radio reflecting lay 
ers of the upper atmosphere, caused when 
the eclipse briefly shuts off the sunlight 
_ Other apparatus will include miscellane 
mountings, 


In all, the 


xpedition will take to Brazil some 15, 


instrument 


IS cameras, 


ks, motors and batteries 


(HH) pounds ot equipment 


The program to be followed bv the 


expedition will include a complete motion 
| picture record in color of the eclipse from 
the appearance of the first nick in the 
sun’s disk until the moon has completely 
passed across its face: photographs ot 
the ‘‘flash spectrum’’ of the sun at the 
two instants when this phenomenon is 

sible (just before the beginning and 
just after the end of totality 
photographs of the spectra of the corona 


repeated 


oe aac 


during the five minutes of totality; spe 
cial large photographs of the corona, both 
in black-and-white and in color, with 
varying exposures ; records of the polari 
zation of the light: the 


reflecting laver measurements ; studies of 


coronal radio 
sky brightness, sky radiation, sky spectra 
and temperature and density changes in 
In addi 


tion, it iS possible that precise observa- 


the atmosphere during totality ‘ 


tions will be made of the times of ap 
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ONE OF THE SPECTROSCOPES FOR PHOTOGRAPHING THE SUN’S SPECTR 


DR. IRVINE ©. GARDNER LEF 


, LEADER OF THE EXPEDITION, AND A TECHNICAL ASSISTA 


THE FILM MAGAZINE MECHANISM 


eram clock’’ at a definite rate of speed. 
Through the open spaces electrical con 
tacts will be made which, at the proper in 
stants, will open and close shutters, wind 
films, and apply suction to hold films 
in the proper planes. <A second electrical] 
device and recorder operated by a 
chronometer will make a complete record 
of all the operations that have taken 
place, measuring exposures, for example, 
to the fraction of a second. This record 
will be available for the proper develop- 
ment of the films and for the study of 
brightness from the photographs. 

The spectrographs are of unusual de- 
sign. They are slitless, using concave 
gratings and no lenses. Made of a shin- 
ing aluminum alloy, the two instruments, 
twins in appearance, when set up will 


look like light cannons trained 

sun. Their tubes are about 15 feet 
and they have a focus of approxi 
11 feet. Each will project a spect 
inches long on photographie film 
riant magazine which lies below th« 
rel. This magazine has ingenious! 
mounted ‘‘on the bias.’’ This p 
the 40-inch image to be recorded « 
nally across a 9-inch strip of filn 
makes necessary a winding of on 
inches of film between each exp 





In the two spectrographs the sun’s s 


trum is divided so that one instru 
takes care of the light of wave-le) 


between 3.000 and 5.000 Anestrom 1 


and the other, the light between 
and 10,000 Angstrom units. 
The gratings used in the spectrog? 




















THE 





en prepared 


; 


miuce Imayves oO! unusual br olht 


One with 15.000 lines to the inel 


ywrepared by Robert W. Wood, of the 


s Hopkins University The other, 
Henrv G. Gale, of the University of 
vo. has 30,000 lines to the inel 


] 


radio-measuring equipment will 
he connected with the electric control 
stem, but will be operated indepen 
Whereas the spectrograp! s and 


ras will be pointed directly at the 


R the radio apparatus will send its 
ils vertically into the darkness aimed 
ts invisible target of electrified gas 


VITAMIN DEFICIENCY AND ABNORMAL BONE GROWTH OF 


? 


Tne modern intensive methods of poul 
production require that chicks be 
ared indoors, to protect them from un 
orable weather conditions Until 
ut 1923 all attempts to do this failed 
because chicks are very susceptible to 
‘kets, but after McCollum announced 
the discovery of vitamin D the agricul 
tural colleges soon developed production 
ethods by which chicks could be grown 
th no exposure To si nlieht, in vers lin 
ted quarters. On the whole the more 
recent practices were successful, but a 
new disease soon appeared which was 
practically unknown before. The leg 
bones were shortened and thickened and 
frequently bent or twisted. In more 
severe cases the tendon of Achilles would 
slip out of its normal position and fall 
to one side of the tibia-tarsal joint. This 
condition was variously designated as 
slipped-tendon, hock disease, and more 
recently as perosis The appearance of 
this condition was sporadic and unpre 
dictable, and often resulted in heavy 
financial losses. The condition was ag 
gravated by including in the ration exces 
sive amounts of calcium phosphate and 
t The essential data were presented before th 
Seventh Annual Meeting of the American Inst 
tute of Nutrition, in New Orleans, Louisiana, | 
\. G. Hogan, L. R. Richardson and Hom 
Patriek. 
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this disease was announced by Wilgus, 
Norris and Heuser, of Cornell Univer 
sitv, who showed that under their con 


ditions the deformities were almost e 


tirely eliminated by increasing the 


amount of manganese in the ration. The 


minimum amount required was approxi 
mately 0.005 per cent. of the food sup 
plied 

After the report of Wilgus, Norris and 
Heuser appeared then, this is the situ 
ation as we saw it. We were unable to 
prevent perosis by supplying 5 times as 
much manganese as the Cornell group 
regarded as sufficient On the other 
hand, the Cornell group almost entirely 
eliminated perosis by merely including 
a minute amount of manganese in the 
ration. In our view the only explanation 
of this discrepancy was that two factors 
are required to prevent perosis. One is 
manganese, the other is an unrecognized 
organic factor, a vitamin. Our synthetic 
diet had contained an abundance of 
manganese but was deficient in the 
vitamin, and the ration of natural food 
stuffs emploved by the Cornell group 
was deficient in manganese. Additional 
support for this view is afforded by the 
observations of the Cornell workers that 
occasional cases of perosis developed re 
gardless of the amount of manganese sup 
plied. This indicates that their ration 
was not only markedly deficient in man 
ganese, but was also mildly deficient in 
the perosis-preventing vitamin 

The next development in this field is 
the demonstration that perosis is due to 
a deficiency of a vitamin. It had been 
our experience through some 15 vears 
that when liver, either fresh or dried, 
was added to our synthetic diet, the lee 
deformities were prevented. An extract 
of liver is also effective, so the problem 


was to separate it into two fractions, one 


of which contains the perosis-p1 
factor. The second fraction s] 
prevent perosis, but it must cont 
other vitamins necessary to maint 
chick in a reasonably satisfactor 
tional state. A satisfactory n 
preparing the fractions mentione 
to extract dried liver thoroug! 
strong aleohol, at 70° C This 
contained the perosis prevent he 
along with various others Tl 
residue is then extracted with wat 
70—-100° C This water-soluble 
does not contain the perosis-pre 
vitamin, but it does contain others 
are required by the chick This { 
Is a constant constituent of the 
diet used to develop perosis It 
experience thus far that ever 
reared on this ration will be afi 
the incidence is 100 per cent I) 
tice the ration is vastly improv 
experimental use by adding it t 
of the other vitamins, which ar 
available in pure crystalline fon 
the alcohol soluble fraction of th: 
extract is also included in this 
the rate of growth is rapid, and 1 
According t 


hypothesis the protective action 


normalities develop 


fraction is due to the presence 
previously unrecognized vitamin, « 
nated for convenience as vitamin B 

When a new vitamin is announce 
immediately ask what significance 
it have, but as vet we have no informat 
on the requirement for this vitami 
other animals. Our first thought 
since it is concerned with the bone 
velopment and conformation of the ¢1 
that it may also be concerned with 
structural development of other anin 
and of man himself. At present, thou 
one can only speculate. 
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